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PREFACE. 


This  volume  which,  like  its  two  predecessors,  is  the  work  of 
Mr.  H.  B.  Woodward,  completes  the  general  description  of  the 
Jurassic  Rocks  of  England  and  Wales.  It  Includes  an  account 
of  the  strata  from  the  Oxfordian  to  the  Purbeckian  divisions, 
with  some  remarks  on  the  probably  marine  equivalents  of  the 
Purbeck  group  in  Lincolnshire. 

As  in  previous  volumes  of  this  Memoir,  full  references  are 
given  to  the  labours  of  others  who  have  worked  at  the  formations 
described  in  the  following  chapters.  In  early  days  the  broad 
outlines  of  the  geology  of  the  Middle  and  Upper  Oolites  were 
admirably  sketched  by  Webster,  Sedgwick,  Buckland,  De  la  Beche, 
Lonsdale^  Fitton,  Mantell,  and  John  Phillips.  Among  the  later 
more  detailed  investigations,  special  prominence  may  be  given  to 
the  elaborate  work  of  Pro£  J.  F.  Blake  and  Mr.  Hudleston  on  the 
Corallian  rocks ;  to  the  separate  papers  by  Prof.  Blake  on  the 
Kimeridge  Clay  and  Portland  Beds  ;  and  to  the  work  of  Thomas 
Roberts  on  the  Corallian  clays.  These  observers  have  done  much 
to  elucidate  the  minute  stratigraphy  and  palreontology  of  the 
formations  to  which  they  have  so  sedulously  devoted  their 
attention. 

Our  information  regarding  the  Oxfordian  and  Purbeckian 
groups  has  not  hitherto  been  summarised,  and  many  details  on 
this  subject  are  now  for  the  first  time  published.  I  may  specially 
refer  to  the  account  of  the  Kellaways  strata  at  Kellaways,  and 
to  the  lists  of  fossils  from  that  and  other  localities  in  the  south- 
west of  England. 

The  Geological  Survey  has  not  hitherto  published  any 
memoir  descriptive  of  the  higher  Oolitic  strata  in  Dorset, 
although  the  admirable  Maps  and  Sections  by  H.  W.  Bristow, 
and  the  detailed  sections  of  the  Purbeck  Beds  by  that  author 
and  Edward  Forbes,  have  depicted  some  of  the  main  features  of 
the  geology  of  that  region. 

In  the  preparation  of  this  volume  full  advantage  has  been 
taken  of  previous  Memoii-s  of  the  Survey  descriptive  of  the  strata 
in  the  Midland  area,  especially  those  by  Prof.  Hull,  Prof.  Green, 
Prof.  Judd,  Mr.  Jukes-Browne,  and  Mr.  Strahan. 
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In  the  field  Mr.  Woodward  has  received  help  from  Prof. 
Prestwich  and  Mr,  James  Parker  (of  Oxford),  from  the  Rev. 
W.  R  Andrews  (formerly  of  Teffont  Evias),  from  the  late  Robert 
Damon  (of  Weymouth),  and  from  Mr.  A.  M.  Wallis  (of  Portland). 
The  fossils  collected  during  the  progress  of  his  work  have  been 
named  bv  Messrs.  Sherman  and  Newton  ;  while  Mr.  Teall  has 
examined  and  described  microscopic  sections  of  the  rocks. 

As  in  the  pre>dous  volumes  special  attention  has  been  given  in 
the  following  pages  to  the  subject  of  Economic  Geolc^y. 

The  illustrations,  where  not  otherwise  stated,  are  original.  As 
before,  we  are  indebted  to  the  Council  of  the  Geological  Society 
and  to  Dr.  Henrv  Woodward  for  the  use  of  cliches,  the  sources  of 
which,  as  well  as  of  others  taken  from  previous  Survey  Memoirs, 
are  notified  in  the  List  of  Illustrations. 

The  full  Bibliography  which  forms  an  Appendix  has  been 
compiled  with  the  assistance  of  Mr.  Fox-Strangways,  nnd  will 
doubtless  be  helpful  to  those  who  seek  further  special  information 
on  the  Jurassic  Rocks  of  England  and  Wale:;'. 

It  is  intended  that  a  concluding  volume  on  the  Jurassic  Rocks 
of  Scotland  and  Ireland  i^hall  be  published  after  those  of  Scotland 
have  been  mapped  in  detail. 

ARCH.  GEIKIE, 
Geological  Survey  Office,  Director  General. 

28,  Jermyn  Street, 

London, 
15th  October,  1895. 
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Fig.    32.     Trigonia  clavellaiaf  Sow.   (Geikie,  Text-Book  of  Geology, 
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Map  to  show  the  areas  occupied  by  the  Oolitic  JUcks  of 
]^gland  south  of  the  Humber        -  -  -  -    Fro,i  ft  apiece. 

2^ote, — The  concealed  area  of  Lower  Oolitic  rocks  has  been  coloured  a 
lighter  tint  than  the  exp<jsed  area.  There  are  two  inliers  of  Lias  between 
Peterborough  and  Oakham. 


•    •       • 


•  •••  • 

THE  *•••'/•. 

•  ••   • 


MIDDLE    AND     UPPER   O'OtlTlC 

ROCKS 


•    ••  • 


•  •. 


OP 


•  ••    • 
*  •     • 


ENGLAND 

(YORKSHIRE  EXCEPTED). 


CHAPTER  I. 


INTRODUCTION. 

The  Middle  and  Upper  Oolitic  Rocks. 

The  Middle  and  Upper  Oolitic  formations  come  to  the  surface 
at  intervals  across  the  country  from  Dorsetshire  to  Lincolnshire  ; 
but  the  outcrop,  more  especially  of  the  higher  members  of  the 
series,  is  concealed  over  considerable  tracts  by  the  Cretaceous 
strata.  There  is  evidence  that  prior  to  the  deposition  of  these 
newer  formations,  the  Oolitic  strata  were  tilted,  and  in  some  cases 
rucked  up  and  faulted,  so  that  the  Cretaceous  deposits  in  their 
extension  westwards  were  laid  down  on  diverse  members  of  the 
Oolitic  Series.  This  unconformable  overlap  (or  overstep)  is 
marked  in  the  case  of  certain  Lower  Cretaceous  or  Neocomian 
strata,  not  only  by  the  Lower  Greensand  resting  on  different 
formations,  but  by  the  occurrence  in  it  of  derived  fossils.  The 
overlap  of  the  Upper  Cretaceous  strata  was  even  more  widespread, 
and  this  was  accompanied  by  some  destruction  both  of  the  Lower 
Cretaceous  strata,  and  of  the  underlying  Oolitic  formations. 

Thus  the  underground  course  of  the  Oolitic  rocks  is  concealed  by 
irregular  sheets  of  Lower  Greensand,  and  by  a  more  persistent 
covering  of  Crialk  and  other  Upper  Cretaceous  strata.  The  anti- 
cline of  the  Wealden  area  brings  the  Upper  Oolitic  rocks  to  the 
surface  near  Battle  ;  and  the  presence  of  these  and  other  members 
of  the  Oolitic  series  below  ground  in  the  south-east  of  England, 
has  been  made  known  through  several  deep  borings.  {See  Figs. 
.144, 145,  pp.  298,299.) 


MIDDLE   AND   UPPEQ-'oDtlTIO  BOCKS   OP  ENGLAND  : 


The  map  that  accomi>a&ie8  this  Memoir  shows  the  areas  over 
which  the  various  .Gjwfic  rocks  occur  at  the  surface^  and  also 
their  probable  jindetground  ["extent  beneath  the  covering  of 
Cretaceous  and'tii^wjer  rocks. 

It  seems  lilfejy  that  during  the  Jurassic  period  there  were 
tracts  o£.land^  hi  portions  of  what  are  now  the  eastern  counties, 
where  JPateozoic  rocks  directly  underlie  the  Cretaceous  strata ;  and 
possibly-there  was  land  also  over  portions  of  the  Hampshire  and 
TNfUfiltiire  area.     Godwin- Austen  long  ago  remarked  that  ^*The 

-.Opfites  of   Yorkshire  and    Lincolnshire    were   dependent  on  a 
Und  which  lay  to  the  east/**  and  the  results  of  deep  borings  in 

'the  South-east  of  England  lend  support  to  the  view. 

The  following  are  the  chief  formations  to  be  described : — 

r Upper  Purbeck  Beds."! 
Purbeckian    ^  Middle  Purbeck  Beds.  >-Spilsby  Sandstone. 

L  Lower  Purbeck  Beds.  J 
-^  r  Upper  Portland  Beds. 

Portlandian    <  Lower  Portland  Beds 

L     and  Hartwell  Clay. 
Kimeridgian      £[imeridge  Clay. 

r  Coral  Rag  and  Coral- T  Up  ware  Limestone 
Corallian      <      line  Oolite.  >     and       Ampthill 

[^Calcareous  Grit  J      Clay. 
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/\  r    J*  f  Oxford  Clay. 

Oxfordian     -[Kellaways  feeds. 
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Tables  showing  the  local  divisions  and  leading  zones  were 
given  in  the  general  account  of  the  Oolitic  Series  ;  they  need  not 
therefore  be  repeated  here,  but  they  will  be  dealt  with  more 
particularly  in  the  chapters  on  each  formation.  Particular 
descriptions  of  oolite  and  pisolite,  and  of  the  probable  method  of 
formation  of  oolitic  rocks,  together  with  a  general  account  of  the 
fossils  of  the  Oolitic  Series,  have  likewise  been  given  in  a  previous 
volume,  t 

The  total  thickness  of  the  Middle  and  Upper  Oolitic  Series 
varies  from  about  900  to  about  2,200  feet ;  that  of  the  Middle 
Oolites  being  from  450  to  800  feet,  and  of  the  Upper  Oolites,  450 
to  1,400  feet. 

The  series  includes  deposits  of  considerable  economic  value ; 
among  them  the  Portland  Stone,  the  Swauage  Stone  and  Purbeck 
Marble ;  the  Westbury  iron-ore  ;  clays  that  are  extensively  dug 
for  brick-making,  as  well  as  some  local  deposits  of  gypsum. 

*  Quart.  JourD.  Geol.  Soc,  vol.  xii.  p.  64. 

t  Memoir  on  the  Lower  Oolitic  Rocks  of  England,  pp.  6,  24 ;  see  also  Fox- 
Strangways,  Jurassic  Rocks  of  Yorkshire,  vol.  i.  p.  .399.  For  a  general  account  of  the 
Jurassic  System,  see  Memoir  on  the  Lias  of  Knglatid  and  Wrlea  (Y  )rkshire 
excepted),  p.  1  ;  and  Fox-Strangways,  op.  cit.,  p.  7. 


SEQUENCE  OF   STRATA.  S 

The  Middle  and  Upper  Oolitic  strata  form  a  series  that  is 
intimatelj  connected,  and  together  they  constitute  the  Upp^r 
Jurassic  division.  From  the  Oxfordian  base  to  the  Portlandian 
formation  there  is  evidence  of  transition ;  while  the  succeeding 
Purbeck  Beds  are  superimposed  with  a  general  conformity  as 
regards  their  stratification,  but  they  exhibit  marked  changes  in 
their  method  of  formation.  The  Oxfordian  Beds  are,  for  the 
most  part,  distinctly  marked  off  from  the  underlying  Cornbrash, 
but  they  are  connected  palceontologically,  so  that  there  is.  no 
evidence  of  any  break  in  the  series,  as  we  pass  upwards  from  the 
Lower  Oolites. 

The  mass  of  the  Middle  and  Upper  Oolites  consists  of  marine 
deposits;  of  thick  clays  that  are  separated  by  stone-beds,  which, 
in  the  case  of  4;he  Oorallian  Beds  especially,  are  of  a  variable  and 
inconstant  character.  The  Purbeck  Beds  show  the  incoming  of 
terrestrial,  freshwater,  and  estuarine  conditions,  that  are  attended 
by  some  evidences  of  local  unconformity  with  the  Portland  Beds, 
but  by  no  marked  discordance  that  would  suggest  any  great 
break  in  the  series. 

These  freshwater  conditions  were  continued  in  the  Wealden 
strata,  which,  in  the  south  of  England,  blend  intimately  with  the 
earlier  Purbeck  depomts,  so  that  we  have  a  passage  from  Jurassic 
to  Neocomian  or  Lower  Cretaceous  formations. 

In  parts  of  Lincolnshire,  and  again  in  Yorkshire,  we  have 
evidence  of  marine  beds  on  the  border-lines  between  the  Jurassic 
and  Cretaceous  strata,  and  it  is  consequently  a  debatable  matter 
AS  to  how  closely  correlation  can  be  carried  between  the  forma- 
tions of  the  north  and  south  of  England.  In  the  district  under 
consideration  it  seems  probable  that  the  Spilsby  Sandstone  of 
Lincolnshire,  may  be  classed  in  point  of  age  with  the  Purbeck 
Beds. 

The  general  relationship  between  the  Purbeck  and  Wealden 
strata  has  led  many  geologists  to  group  them  together.  Nor  does 
the  local  evidence  justify  our  parting  them. 

It  is  only  on  wider  grounds  that  the  division  between  Jurassic 
and  Cretaceous  is  taken  at  this  horizon.  No  general  system  of 
<^lassiBcation  will  be  found  equally  applicable  to  all  areas.  With 
the  Trias  and  Lias,  with  the  Lias  and  Oolites,  we  find  in  some 
regions  such  a  gradual  passage,  that  no  definite  plane  of  demarcation 
-can  be  drawn.  Thus,  in  places  we  have  to  draw  an  imaginary 
line  between  Lias  and  Oolites  in  the  midst  of  a  transitional  series  ! 
So  in  separating  the  Purbeck  and  Wealden  formations,  we  may 
be  content  to  allow  the  claims  of  general  convenience  and 
of  the  pakeontological  succession  established  in  Europe,  to  rule 
the  limits  of  our  principal  chronological  systems. 

With  the  several  subdivisions,  the  case  is  different;  such 
formations  must  be  based  on  their  stratigraphical  features,  even 
while  we  admit  that  the  actual  boundaries  between  the  rock- 
groups  vary  more  or  less  in  horizon  in  different  areas.  The  evidence 
in  general  shows  that  we  cannot  adopt  zonal  groupings,  that  will 
correspond  also  with  the  main  stratigraphical  divisions  over  wide 
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areas.  It  is,  however,  important  to  maintain  the  original  divisions 
of  our  strata  taken  from  the  typical  localities ;  and  in  the  case  of 
the  Middle  and  Upper  Oolites,  we  have  the  Eellaways  Beds  and 
Oxford  Clay,  the  Eimeridge  Clay,  the  Portland  and  Purbeck 
Beds,  all  of  them  named  from  localities  in  the  area  under 
consideration.  To  modify  our  grouping  to  suit  the  stratigraphy 
elsewhere  is  not  justifiable,  nor  can  any  precise  plan  be  adopted 
that  will  serve  all  the  requirements  of  field-geology  and 
palssontology  over  extended  areas. 


OXFORD  CLAY  AND  KELLAWAY8  ROCK. 


CHAPTER  II. 
MIDDLE  OOLITIC. 

Oxford  Clay  and  KierxAWAYs  Rock. 

(oxfordian.^ 

General  Account  of  the  Strata. 

The  Oxford  Clay  takes  its  name  from  the  county  of  Oxford, 
i;?here  it  enters  extensively  into  the  structure  of  the  ground; 
moreover,  it  is  exposed  in  the  neighbourhood  of  the  City  of  Oxford 
in  several  brickyards  which  appropriately  furnish  some  of  the 
largest  inland  sections  of  the  formation. 

ITie  term  **  Clunch  Clay  and  Shale  "  was  used  by  William  Smith 
(1815-16),  because  the  upper  part  of  the  formation  comprises 
hard  clay  rising  in  lumps,  called  **  Clunch "  ;  while  deeper  down 
it  becomes  blacker  and  laminated,  under  which  circumstances  it 
is  called  '^  Shale."*  The  term  Oxford,  Forest,  or  Fen  Clay  was 
used  by  Buckland  in  1818;  and  this  compound  name  was 
suggested  from  the  occurrence  of  wooded  tracts,*  such  as  the  old 
Forest  of  Braydon,  and  from  the  development  of  the  Clay 
beneath  portions  of  the  Fenlandf  The  general  term  of  Oxfordian 
was  used  by  D'Orbigny  in  1844. 

The  Oi^ord  Clay  consists  of  bluish  or  greenish  and  lead- 
coloured  clay,  which  usually  becomes  brown"  or  yellowish-grey  at 
the  surface.  In  many  places,  and  more  especially  in  the  upper 
part,  the  bedding  in  the  clay  is  not  distinct,  and  is  marked  only  by 
bands  of  septaria  and  occasional  layers  of  earthy  limestone ;  but 
lower  down  the  formation  is  usually  more  and  more  shaly,  and 
this  character  is  maintained  even  when  the  beds  come  near  the 
surface.  The  shale  is  grey  and  reddi&h-brown  or  purple  in 
colour.  Both  clay  and  shale  are  often  calcareous,  and  occasionally 
bituminous ;  and  a  good  deal  of  lignite  is  sometimes  met  with. 

Septaria  occur  at  irregular  intervals  and  they  may  attain  a 
large  size,  having  a  diameter  of  3  feet  or  more.  Small  irregular 
reddish-coloured  ironstone-nodules  are  found  in  places  in  the 
upper  beds ;  these  also  are  septarian.  The  beds  contain  much 
iron-pyrites  and  selenite  ;  and  many  of  the  fossils  are  of  a  pyritio 
character. 

Towards  the  base  of  the  Oxford  Clay  there  occur  inconstant 
beds  of  sand  and  calcareous  sandstone,  the  latter  often  appearing 


*  Parkinson  described  "  Clunch  "  as  a  soft  chalk-like  stone,  foond  towards  the 
top  of  the  clay  (Organic  Remains,  vol.  lii.  p.  446).  Clunch  has  also  been  described 
a#  a  provincial  term  for  "  indurated  clay,  when  glossy,  unctuous,  and  tending  to  a 
slaty  texture  ;"  while  when  dull  and  smooth  it  is  termed  "  Clod,**  W.  Phillips> 
Selection  of  Facts,  Qeol.  England  and  Wales,  p.  61. 

t  W.  Phillips,  Ibid.    (Table  by  Buckland.) 


irii'VCt^  Ot^rtJTIi:    ^OTMJi  09    D«HL&31»  : 


attain  1  wSii*.knti%i  ^f  T  iftc  ir  an^t^     Tli«ae  «uuij  fefia  ils^r'^&re 

fiirmor.on  diijr^  !j*  i  yaj  -j»ii,  «;ine  1*;  ir  1±  iec  diick:  rhas  r^jjc^ 
^xn  du*  ^Vimhr.uMi. 

rar!:inri*f:  Mm:-'  "eti*,  niijnL'''  riVHUIrerouii.  hiir  ^r'  limi?  inii!kie>^^ 

for  K/Hli'^rvaj^   Scr,a«»  Inc.,  3WiU'.*r<^  Ih^rarare.     T!ii*ti2-:i  K-rlLi- 

an   irrftg  ;lar  ^n«i  iirhr.-.ri-r**'^"''  ni:x  ^-x-irTTherf*   pH:rs-:.»r.t-  -ase- 

feist  f/>  npTra^d-*  ■i'''  .50  f'^it^r.  From  &  p«Is»ncoL>r«::iI  p-3in i  of  riev 
riw^  lw.n2r>r.  U  i.-npr.rrAHt.  for  :rut  frr»ils  mark  &  *ca<i»*  'faa:  -s?  -c 
wXhvj  d^^rif^.r.z  on  the  '.Irhi-^ir/p5au  ^faaractfin  oc   t:*e  K-rilL^-x/* 

Th^  f'irm  ^/r'o.' llar^  ma-T  he  OaKd  jencrallT  to  iccl-ide  :::•* 
Oxfr/rd  Chkr  ^rA  :h:>  Ke.Ia^av*  Ba-N.  Tie  toral  thickn^s*  ».f 
ike  f/jTmatirm  vane*  tV.>m  a.  Viat  -V/-;  to  neariT  6«'j<>  faec.  bat  :le 
ftkf^Hrj^nA  %A  X  r:U  do  do:  affori  manj  pTinti  of  2tratigniplu''iLl 
interftflt ;  the  organic  t*:  pjutia  iklr,Q^  are  ^^Iralated   t.>  actnct  thi> 


The  f>xforfihn  fttra^^  resc  'yicformablj  apon  the  CombrxjH, 
and  ma;  he  iaI/1  to  metif^  grarioallr  opwardt  into  the  Conliian 
nerie^^  Pa!;¥^>nroV>$p/^iU  ti-ie  hed^  both  helow  and  above  are 
inthnat^Iv  connecter].  Common  to  the  Combnuh  and  Kellawavs 
drrwionA  we  find  sach  fomrv^  a»  Ammamiiei  macro^^ephaiHi^  A. 
I3fih/rri^,^  fif/wiomyn  r.^n^.npta^  yiodiola  hipartita,  Pectf^n  Ifi^jy 
Hhynrhi/Mlln  rainanJt^  fi'aldhtimia  ffhufrata,  &c. ;  and  beiongi'i;^to 
the  ()%{ffff\  Clay  and  Corallian  Rocks  we  find  Ammonites  f*».r- 
ditttm^  A.p^OirmatuMf  U^l^jnniUi  afjbreriatiiu,  Ceritkium  murit-ntHm, 
Gmi^fmyn  r.-Mf^rfpfM^  Gryptufa  dUftiuta,  MyacHei  recurrus^  Omtr^a 
jff^yorio^    P^irf^^    UnM^     Thrfmia    depres^a,    Trigonkia    eloMp'Utiy 

ffryanin  Remmns, 

Amfinyi  ihsi  l^mU  id  the  Oxfordian  etraU  we  find  remains  of 
the  Saoriann,  yhijahnayruif  IchthyoiauruSy  Cimoiiaiamrus  { fYr- 
MWi/zun/A^,  and  ItufMauruM.  Mr.  James  Parker  has  a  Cheloaian 
hone  UifUi  the  upper  bed«  of  the  Oxford  Clay  near  Oxfonl 
Fii4ie<i  are  not  particnlariy  abundant :  AMteracanthui,  HyboduSy  and 
I^jndifin$  being  the  I^im  rare  genera. 

CephalopfMbi  Are  abun^Jant,  and  often  bcantifuUy  preserved  : 
awl  the  Ammonites,  as  in  the  case  of  the  argillaceous  beds  of  the 
Lias,  furnish  evidence  of  a  general  sequence  of  forms  that  appears 


•  LbiTTrl  then  rc^rded  "  yamiilitet  modiolarU  "  and  other  fiMsfls  from  "  C»»:owmj 
hridgt  r  LHlnphylMcii  Briuoniei  Icboognphia,  Sto.  Loud.  1699»  p.  18. 
t  Hitllip*  haf  tmpUfjtd  the  tenn  Ozoduui,  GtoL  OxTcrd,  p.  S9;». 
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to  be  well  marked  throughout  the  country,  as  well  as  in  other 
parts  of  Europe,  although  the  limitations  are  not  to  be  definitely 
fixed.  Belemnites  are  likewise  abundant,  especially  large  speci- 
mens of  Belemnites  Oweni,  the  ordinary  form  of  which,  described 
by  S.  P.  Pratt,  was  regarded  by  Phillips  as  the  same  as  that 
named  later  as  B.  puzosianus  by  D'Orbigny.*  Gasteropoda, 
though  not  numerous  in  species,  are  occasionally  abundant ;  of 
these  Alaria  trifida,  Cerithium  muricatum^  and  Pleurotomaria 
depressa  may  be  mentioned.  Of  the  LnmcUibranchs,  the  commoner 
forms  are  Astarte  carinatay  Avicvla  inecquivalvisy  CucuUcea  con^ 
cinna^  Goniomya  v.-scripta,  Gryphcea  bilobatay  G,  dilatata^ 
Modiola  bipartita,  Myacites  recurvusy  Nucula  ornatay  Ostrea 
flabeUoideSy  Pinna  mitisy  Thracia  depressa^  and  Trigonia  (several 
species).  GryphcBa  dilatata  is  characteristic  of  the  upper  beds 
of  the  Oxford  Clay,  and  large  specimens  are  almost  everywhere 
abundant,  as  in  the  clay-cliffs  north  of  Weymouth,  and  in  brick- 
yards opened  in  this  portion  of  the  formation.  Lower  down  smaller 
forms  of  Gryphcea  occur ;  and  it  is  difficult  to  distinguish  many  of 
these  from  the  G,  bilobata  that  is  characteristic  of  the  Kellaways 
Rock. 

Brachiopoda  on  the  whole  are  rare ;  but  Rhynchonella  varians^ 
Waldheimia  obovata,  and  W.  impressasire  locally  abundant  The 
Crustacea  include  species  of  Erymay  Glyphea,  Magilay  and 
Mecocheirus,  Macrurous  Crustacea,  as  remarked  by  Mr.  J.  Carter, 
are  fairly  abundant,  while  Brachyura  are  rare.f 

Of  Annelides  the  form  Serpula  vertebralis  is  characteristic. 
Echinodermata  are  rare,  though  occasionally  Urchins,  Crinoids,, 
and  Star-fishes  are  met  with.  Corals  are  extremely  rare,  the 
form  Anabacia  complanata  being  the  only  species  recorded.  No 
Sponges  have  been  found.  A  number  of  Foraminifera  are 
known ;  but  no  recognizable  species  of  Plants,  although  foliage 
of  Araucarites,  abundant  remains  of  Coniferous  wood,  and  also  of 
Cycads  have  been  found  in  places. 

On  the  whole  the  mass  of  the  strata  indicates  fairly  deep  water, 
so  far  as  terrigenous  deposits  are  concerned.  The  abundance  of 
drift-wood  or  lignite,  in  the  Oxford  Clay  of  Trowbridge,  led 
Mantell  to  speak  of  the  formation  as  of  "fluvio-marine  "  character  ;t 
but  the  occurrence  of  such  material  is  no  definite  indication  of  the 
proximity  of  land.§ 


Zones. 

In  determining  the  chief  palaeontological  divisions,  or  zones,  it 
is  most  desirable  to  adopt,  as  indices,  those  forms  which  are  widely 

*  British  Belemnitidse,  1865,  p.  120.  Prof.  Pavlow  on  the  other  hand  keeps  the 
tTTO  fbnns  distinct  and  adopts  the  spelling  B,  puzon,  BolL  Soc.  Imp.  Nat.,  Moscow, 
1892. 

t  Quart.  Joam.  Geol.  Soc.,  vol.  zlii.  p.  558. 

%  Phil.  Trans.,  1848,  p.  172. 

§  See  Memoir  on  Uie  Lower  Oolitic  Bocks,  p.  2. 
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distributed,  even  if  locally  we  find  other  species  more  abundant^ 
Acting  on  this  principle,  the  following  zones  are  adopted : — 


Leadin 


Zones. 


g 
Lithological  Characters. 


Ammonites  cordatus. 

Clays  with  occasional  septaria 
and  ironstone-nodules. 

Oxford     . 

Clays  and  slialy  clay,  with 
pyritic  fossils,  (Sub-zone 
of  Am,  LambertL) 

Clay. 

Am.  omatus. 

' 

Shales  with  pyritic  fossils. 
(Sub-zone  of  Am.  Jason.) 

Kellaways^ 
Beds. 

Am.  calloviensls. 

Alternations  of  clays  and 
sands  with  concretionary 
masses  of  calcareous  sand- 
stone (Kellaways  Rock). 

Clay  (Kellaways  Clay). 

On  the  Continent  the  name  Kellaways  Bock  was  employed  in  the 
modified  form  of  "  Kellovian,"  by  D'Orbigny  in  1844 ;  and  later  on  this 
was  changed  to  OalloYian  (1849)."'  The  term,  however,  has  come  to 
embrace  wider  time-limits  than  are  included  in  our  Kellaways  Beds,  so 
that  the  Continental  usage  is  by  no  means  eg^onymous  with  our  own. 
Abroad  the  equivalents  of  our  (jombrash  are  m  places  so  linked  with  the 
equivalents  of  the  Kellaways  Beds,  that  the  two  are  sometimes  grouped 
together  with  the  Callovian,  and  marked  as  the  zone  of  Ammonites  macro- 
eephaltu.  The  **  MaerocephcUus-heit**  of  Oppel,  although  not  taken  to 
include  our  Combrash,  comprehended  the  zones  of  A,  macrocephcUus  and 
A.  caUovienne,  In  this  country  the  former  species  is  characteristic  of  the 
Combrash,  although  it  ranges  into  the  Lower  Oxfordian  strata ;  but  we 
may  most  conveniently  group  our  Kellaways  Beds  generally  in  the  zone 
of  A.  calloviensis. 

It  has  been  pointed  out  by  Mr.  Hudleston  and  others,  that  in  Yorkshiro 
the  beds  placed  in  the  Kellaways  division  include  higher  stages  than  do 
their  supposed  equivalents  in  Wiltshire.  The  fact  ie  that  the  occurrence 
of  sandy  and  gntty  bands  is  not  confined  to  any  restricted  horizon ; 
indeed  in  parts  of  Dorsetshire  such  bands  are  hardly  to  be  detected  at  all 
in  the  Kellaways  division.  Even  in  Yorkshire  it  seems  probable  that 
the  development  of  rook-bands  takes  place  on  varviug  horizons,  for  we 
find  that  not  onlv  A.  eallovieneis,  A,  modiolaria,  ana  other  true  Kellaways 
fossils  are  recorded  from  the  local  "Kellaways  Bock,"  but  likewise  A, 
JoBon,  A.  LamberH,  and  even  A.  perantuUui.  On  the  other  hand  there 
are  recorded  from  the  Oxford  Clay  of  Yorkshire,  A.  aiMela,  A,  MarvBy 
A,  Lamberti,  A.  eordcUue,  and  A.p^armaitu;  fossils  which  show  that  in 


*  Paleontologie  FimD9aist,  Terrains  Jurasfiqaef,  Tome  1,  p.  608. 
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places,  at  any  rate,  the  Oxford  Olay  of  that  connty  inclades  strata 
oelonging  to  the  zones  of  A.  omatua  and  A,  eordaius.* 

On  the  Continent  the  Callovian  formation  has  sometimes  been  so 
extended  as  to  take  in  beds  with  A.  Jaaon,  and  occasionally  even  beds  with 
A,  Lamberti.  This  seems  a  anite  unwarranted  stretching  of  a  formation 
to  suit  local  stratigraphy,  ana  in  defiance  of  its  original  significance. 

Thus  Oppel  inclades ,t  above  his  '*  MacroGephalus-hett"  first  the  **  Ancepe* 
hett"  and  then  the  **  Athleta-hettJ*  These  zones  of  A.  anceps  and  A. 
aihleta  were  groaned  together  as  "  Schichten  des  Amm.  omatus  "  {Ornaten* 
thone  of  Quenstedt,  1843).  They  inclnde  the  "  Omati  groap  *'  of  Ammo* 
nites,  A.  Jason^  and  var  Gulielmi,  A.  Elizdbethcc,  A.  Duneani,  &c. ;  forms 
which  characterize  our  Lower  Oxford  Clay;  and  we  may  group  very 
proj>erl^  this  portion  of  the  formation  as  the  zone  of  Ammonites  omahu, 

Linkmg  together  the  lower  and  upper  portions  of  the  Oxford  Clay  are 
the  beds  with  Ammonites  Lamherti — a  fossil  that  is  sometimes  given  as  a 
zonal  index.  Locally  in  this  country  it  is  convenient  to  speak  of  the  zone 
or  sub-zone  of  A,  Lamherti, 

Beds  equivalent  to  the  highest  portion  of  our  Oxford  Clay  were  placed 
by  Oppel  with  the  Corallian  formation,  the  lower  portion  of  which  he 
termed  the  Oxford  group.  J  This  group  was  spoken  of  as  the  zone  of  A, 
hiarmatus  (  a  form  considered  to  be  near  to  A,  perarmcUvs,^  but  not  other- 
wise recognized  in  this  country) ;  and  among  the  characteristic  fossils, 
Oppel  notes  A.  Lamherti  and  A,  cordatus.  The  last-named  species,  as  well 
as  A,  perarmatus,  serve  to  connect  the  Oxford  Clay  with  the  Corallian 
Bocks,  but  we  msy  be  content  to  group  the  highest  stage  of  our  Oxfordian 
formation  as  the  zone  of  Ammonites  eordutus.  It  is  a  species  that  charac- 
terizes the  uppermost  beds  of  clay.  It  is  a  variable  form,  and  appears  to 
be  linked  with  A,  Lamherti  and  A.  vertehrcblis ;  but  its  employment  as  a 
zonal  index  is  very  widely  adopted.  - 

The  ranges  of  some  species  of  Ammonites  are  subject  to  much 
local  variation ;  thus  A,  Bakerite  was  found  by  T.  Roberts  with 
A.  cordatus  in  Huntingdonshire;  and  A,  plicatilis  (a  CoraUiAU 
species)  is  recorded  from  the  Kellaways  Beds  of  Yorkshire,  and 
also  by  Mr.  E.  T.  Newton,  from  the  Oxford  Clay  in  the  Swindon 
boring,  and  elsewhere.  These  occurrences,  natural  enough,  do 
not  interfere  with  the  general  succession  of  forms,  and  the 
prevalence  of  particular  species  at  certain  horizons. 

The  basement-clay,  or  Kellaways  Clay,  that,  over  great  part  of 
the  country,  occurs  below  the  sandy  beds  of  the  Kellaways  Rock, 
was  recognized  by  William  Smith  (see  p.  29),  and  was  noticed  by 
Oppel II  as  the  "  Clay  with  nodules  '*  (of  Trowbridge),  beds 
described  by  R.  N.  Mantell,  and  said  to  contain  Ammonites 
gowerianus,  A.  Koenigiy  A,  modiolaris^  and  A.  macrocephalus. 

I  have  found  this  clay  present,  wherever  sections  occur, 
throughout  the  country,  having  generally  a  thickness  of  10  or 
12  feet,  and  occasionally  as  much  as  20  feet  It  is  a  grey  or 
greenish  clay,  not  usually  of  a  shaly  character,  and  it  contains  a 
good  deal  of  selenite.  Fossils  are  by  no  means  abundant,  and 
they  are  often  crushed;  they  include  Ostrea,  Waldheimia^, 
Rhynchonella  varians^  Serpula  tetragona^  and  S,  vertebralis. 


*  See  Foz-Strangways,  Jorassie  Bocks  of  Yorkshire,  vol.  i.  pp.  274,  977,  295. 
t  Olppel,  Die  JaraformatioD,  pp.  507,  519 ;  see  also  A.  Kichc,  Etade  Stratigr. 
Jnnusiqae  Inf.  do  Jura  M6rid.,  Ann.  Univ.  Lyon,  vol.  vi.  1893. 
X  Oppel,  Die  Joraformation,  pp.  506,  517,  534,  624,  &c. 
fFoz-Strangwajs,  Jnrassic  Bocks  of  Yorkshire,  vol.  i.  p.  298. 
II  Die  Joraformation,  p.  517. 
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This  claj  is  no  doubt  approximately  on  the  same  horizon  as 
certain  dark  ehales,  C  to  8  feet  thick,  that  overlie  the  Cornbrash 
limeBtone  in  Yorkshire.  Mr.  Fox- Strang  ways  remarks  that 
"  These  which  are  the  so-called  'Clays  of  the  Cornhraah*  are 
very  similar  in  pctrological  character  to  the  lower  part  of  the 
Oxford  Clay,  and  no  doubt  foreahadow  the  phyBical  conditions 
of  that  deposit"  "Witli  regard  to  the  fossils  ho  adds  that  "  most 
of  the  species  have  a  wide  range,  and  arc  consequently  of  little 
value,""  They  incluile  Ammonitet  macrocephalua,  Avicula 
echinata^  Modiola  ctmeata,  fValdheimui  lagenalit,  &c. 


FlO.  1. 


Fig.  2. 


Ammonites  macrocephAlna,  Schloih,  ^. 

The  following  are  the  more  abundant  and  characteristic  fossils 
of  the  Oxfordian  strata,  the  species  mentioned  being  prevalent  in, 
but  not  necessarily  confined  to,  particular  zones : — 

Zone  of  Ammonites  callovieiisis. 

(Kellawaya  Beds.) 


Ammonitea  Bakeriie  (Fig.  6). 

callovienBiB  (Fig,  5), 

gowerionu?. 

KoBnigi  (Fig.  4). 

macrocephaTus  (Fig,  1), 

modioUnci  (Fig.  3), 

Belemnites  Oweni  (Fig.  14). 
Alaria  trifida  (Fig.  7). 
Area  temula, 
-^—  subtetragona. 
Avicula  ovalia. 
Gardium  cognatum. 


Corbula  Macneilli. 
Goniomya  v.-Gcrii>ta. 
Gryphasa  bilobafa  (Fig.  8). 
Isocardia  minima. 
Lncina  despecta. 

rotundata. 

Modiola  cuneata. 
Myacites  recurvtis. 
Pecten  fIbroBus. 

lens. 

Pholadomya  acuticosta. 
Rhynchonella  varians  (Fig.  2), 
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LOWEB   OXFOBDIAN  FoSSILS. 

Fia.  3.  Fia.  4. 


Fia.  3.  Ammonitefl  modiolarie,  Lhioyd,  \. 
tt    4-  »  EoQiiigi,  Sow. }. 

»    S.  ,1  oalloTienBU,  Sour.  |. 

„    6.  „  B&keiim,  d'Ori. }. 

„    7.  Alaria  tirifitU,  Phil. 
„    8.  GrTphna  bilobsta,  Bow.  i. 
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Middle  Oxfobdiak  Fossils. 
Fig.  9.  Fio.  10. 


FiQ.    9.  AmmonitfiS  Dnncani,  Sow.  li. 
»    ^^-  „  crenatDB,  Brug.  2). 

>'    ^^-  II  Jason,  JSein.  i. 

»     12.  „  Lambeiti,  Bow. ). 


oxford  oi^t  and  eellawaya  booh: 

Upper  Oxfordian  Fossils. 
Fia.  13.  Fia  16. 


Pro,  13.  Ammonites  cordatue,  Sot*.  1. 
„    14.  Belsmnitea  Oweni,  Fratl,  J. 

„     15. hMtatofl,  Blainv.  J. 

„    16.  GtrTphffia  dilat&ta,  Sou).  {. 

„    17.  Serpnla  Tertebralis,  Sovi.  Nat,  aize. 
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Zone  of  Ammonites  ornatus. 


Ammonites  anceps. 

athleta. 

crenatus  (Fig.  10). 

Duncani  (Fig.  9). 

ElizabethiB. 

—  hecticus. 

Jason  (Fig.  ll^. 

— var.  Gulielmi. 

Lamberti  (Fig  12). 

—  Marise. 


Belemnites  Oweni. 


Belemnoteuthis  antiquus. 
Cerithium  muricatum. 
Area  subtetragonn. 
Avicula  inaequivalvis. 

ovalis. 

Cucullsea  concinna. 

Gryphaea  dilatata  (small  forms) 

(Fig.  16). 
Leda  Phillipsi. 
Nuciila  omata. 


Zone  of  Ammonites  cordatus. 


Ammonites  cordatus  (Fig.  13). 
var.  excavatus. 


Lamberti  (Fig.  12). 
perarmatus  (Fig.  25.). 
vertebralis. 


Belemnites  hastatus  (Fig.  15). 
Oweni  (Fig.  14). 


Gryphaea  dilatata  (large  forms) 

(Fig.  16). 
Modiola  bipartita. 
Thracia  depressa. 
Waldheimia  impressa. 
Serpula  vertebralis  (Fig.  17). 


oxfobdian:  weymouth. 


15 


CHAPTER  III. 

Oxford  Clay  and  Kellaways  Rook. 

LooAL  Details. 
Weymouth. 

The  Oxford  Clay  is  well  exposed  in  the  cliffs  bordering 
Weymouth  Bay,  in  the  railway-cuttings  and  cliffs  adjoining 
Radipole  Lake,  and  along  the  shores  of  the  East  Fleet.  Putting 
together  the  observations  made  at  different  points  we  find  the 
following  sequence : — 

4.  Bloish-fiprey  clay  with  small  cement-stones,  and 
reddish  coloured  irregular  septarian  nodules 
("kidney-stones").  Lar^e  specimens  of  Chry- 
phcoa  ddatata  are  especially  abundant,  ^bo 
Ammonites  cordatus,  A,  vertehrcdit,  A,  perar* 
matuB,  Modiola  hipcirtita,  Ifyctcites  reeurvus, 
Ac. 
^3.  Clays  with  small  pyritic  Ammonites :  A.  athleta, 
A.  Jisctieus,  A.  Lamberti,  A.  Marioe,  and  Bdem- 
nitee  hastatus,  Alaria  trifida,  Avictdaincequivc^ 
viSt  Cardium  Crawfordiy  Nuctda  omcUa,  Thraeia 
depressa,  Pentacrinua,  Ac. 

2.  Grey,  greenish-grey  and  lilac  rusty  shales  and 
paper-shales,  with  fragile  fossils:   Amm%onUe§ 
Elizahethce,    At^icula    ovalU,    A,    inoBquivaivit, 
.         small  Oryphosa,  Ac. 

1.  Clay  with  occasional  thin  bands  of  flaggy  cal- 
careous sandstone,  and  large  septaria :    Ostrea 


Zone  of 

Ammonites 

cordatus. 


< 


Zone  of 
A.  ornaJtus. 


Zone  of 
A,  edUoviensis 
(Kellaways 
Beds). 


(small).    [A.  modiolaris^  A.  macroc^halus,  A. 

Katniai,  ic, 

mouth.] 


have  been  recorded  from  Wey- 


The  total  thickness  of  the  Oxford  Clay  in  this  area  is  about 
500  feet^  calculated  in  dra>yin^  the  section^  Fig*  52,  p.  93,  but  there 
are  no  data  for  stating  it  with  precision.  In  this  estimate  the 
upper  clays  (No.  4)  would  be  about  250  feet  thick. 

The  most  easterly  exposure  of  the  Oxford  Clay'  is  on  the  coast 
between  Black  Head  and  Redcliff  Point,  to  the  west  of  Osmington. 
The  beds  rise  in  an*  anticline,  and  support  on  either  side  of  it  the 
Corallian  Rocks,  whose  lowest  member,  the  Nothe  Grits,  may 
be  seen  to  rest  immediately  on  the  Oxford  Clay.  The  Grits 
contain  iu  some  abundance  Gryphcea  dilatata  and  varieties  of  it^ 
a  form  so  characteristic  of  the  upper  beds  of  the  Oxford  Clay. 
In  the  central  portion  of  this  cliff,  we  have  lower  beds  exposed 
(No.  3)  with  numerous  small  pyritic  Ammonites  and  other  fossils ; 
the  higher  beds  (No.  4)  here,  and  elsewhere  along  the  coast 
towards  Weymouth,  contain  very  many  specimens  of  Gryphma 
dilatata,  including  the  finest  examples  I  have  seen.  Other  fossils^ 
espedally  Modiola  bipartita,  occur  in  these  beds,  and  occasionallj 
impressions  of  Plants  may  be  found. 
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At  Redclift*  Point  a  mass  of  Oxford  Clay  (with  G.  dilatatd), 
capped  by  traces  of  the  Nothe  Grits,  is  faulted  against  the 
Corallian  Rocks,  the  headland  being  protected  by  tumbled  blocks 
of  these  newer  strata. 

The  upper  beds  of  the  Oxford  Olay  again  appear  at  the  base  of 
BedclifT,  and  they  form  the  cliffs  below  Jordon  Hill.*  They 
consist  of  marly  clay,  which  is  shaly  in  places ;  it  is  generally  of 
a  dark  slaty-blue  colour  at  the  base,  becoming  greenish-grey, 
brown  or  reddish-brown  towards  the  surface.  Below  the  coast- 
guard station  at  Jordon  Hill,  beds  of  bluish-grey  clay,  with  small 
hard  cement-stones,  are  to  be  seen  dipping  northward  towards  a 
fault,  which  is  indicated  in  the  clay  by  veins  of  calc-spar  showing 
slickensides. 

Reddish  nodules  with  white  calcareous  veins,  known  as  ^^  kidney- 
stones,"  occur  on  the  beach  at  Redcliff  and  Jordon  Hill ;  they 
consist  of  hard  cream-coloured  septarian  cement-stone  with  a 
shell  of  reddish-brown  ironstone,  and  are  derived  from  the  Oxford 
Clay. 

Casts  of  Modiola  and  Astarte  may  be  found  in  these  nodules. 
Damon  notes  the  presence  of  a  Serpula-bed,  with  Vermilia  sulcata, 
in  the  clay  of  Jordon  or  Furzy  Cliff.  At  Green  Hill,  to  the  south 
of  Lodmoor,  there  are  low  diffs  of  Oxford  Clay,  of  a  yellowish- 
brown  colour,  in  which  septaria  occasionally  occur.  Damon  records 
from  these  beds  bones  of  Saurians^  and  scales  of  Lepidottis,  also 
the  following  species : — f 


Ammonites  athleta. 
oordatus. 

—  gowerianns. 

—  KoenigL 
Begiualdi. 
vertebralis. 


Belemoites  Oweni. 
Gerithium  Damonis. 
Gryphasa  dilataia. 
Nncala  ornata. 
Serpola  yertebralis. 
Vermilia  salcata. 
Pentacrinns  Fisheri. 


Belemnites  hastatus. 

Judging  from  the  list,  we  here  have  portions  of  the  zones  of 
A,  ornatus  and  A.  cordatus  ;  but  the  beds  are  now  much  concealed 
by  debris,  shingle,  and  by  the  extension  of  the  esplanade. 

The  upper  beds  of  the  Oxford  Clay  were  exposed  at  the 
Weymouth  Brick,  Tile,  and  Pottery  Works,  on  the  western  side 
of  Eadipole  Lake  and  north  of  the  railway.  Here  blue  and 
mottled  clay  was  exposed,  yielding  Ammonites  cordatus,  A.  perar- 
matus,  and  Gryphcea  dilatata,  Messrs.  Blake  and  Hudleston- 
note  also  Ostrea  gregaria  and  Serpula  tricariiiata  from  the  upper 
beds  at  Weymouth. J 

On  the  margin  of  the  Lake  we  find  clays  with  selenite  and 
ferruginous  cement-stones,  yielding  Ammonites  Lamberti,  A, 
MaricB,  G»  dilatata,  &c. 

Shales  were  exposed  further  north,  but  they  were  better  seen 
on  the  opposite  side  of  the  Lake,  in  the  railway-cutting  north  of 
Weymouth  Station.      There  we  have  grey  and  greenish  rusty 

*  The  site  of  the  Bom&n  Station,  Claoinium. 

t  Geology  of  Weymouth,  1884,  p.  80. 

X  Quart.  Journ.  Ueol.  Soc.,  yol.  zzxiil.  p.  86S. 
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shales  and  paper-shales^  with  bands  of  small  cement-stones ;  and 
these  beds  have  yielded  Ammonites  ElizabethcB,  Avicula  ovalis, 
Nuciila  ornata*  8iC,  but  the  specimens  are  so  fragile  that  I  &iled 
to  preserve  any  of  those  I  obtained. 

On  the  north-eastern  shores  of  the  Lake  we  find  the  lowest 
beds^  consbting  of  shales  with  bands  of  small  oysters^  Gryphaa, 
and  thin  layers  of  hard  flaggy  and  sandy  limestone — a  poor 
representative  of  the  Kellaways  Bock.  Large  septaria  occur 
here. 

At  Badipole  Damon  obtained  remains  of  a  new  Starfish, 
Ophioderma  weymouthiensis,^  He  has  given  a  long  list  of  fossils 
found  in  the  Oxford  Clay  at  Kadipole  and  at  Ham  Cliff,  but 
as  the  particular  horizons  are  not  noted,  it  is  unnecessary  to 
enumerate  them  now,  as  they  will  be  included  in  the  general 
Catalogue  of  Fossils,  in  the  Appendix. 

It  was  remarked  by  Buckland  and  De  la  Beche  that  under  the 
Barracks  at  Radipole,  the  Oxford  Clay  at  one  time  '^presented  at 
low-water,  a  pavement  of  large  and  beautiful  Septaria,  known 
provincially  by  the  name  of  Turtle  Stones.  The  veins  of  these 
Septaria  are  filled  with  yellow  semi-transparent  calcareous  spar, 
often  passing  into  a  rich  deep-brown  colour  ;  their  beauty,  when 
polished,  has,  within  these  few  years,  caused  the  greater  part  of 
them  to  be  taken  up  and  manufactured  into  slabs  and  tables."]: 

Referring  to  these  septaria  Damon  has  remarked  that  ^'  micro- 
scopic examination  has  detected  the  laminae  of  the  hardened 
clay  to  be  parallel  to  the  laminte  of  the  shale  or  marl  in 
which  the  stones  are  enclosed.  In  some,  where  the  crystallisa- 
tion is  incomplete,  and  a  space  remains,  water  is  found,  which 
either  originated  with  the  formation,  or  has  been  drawn  by 
capillary  attraction  into  minute  fissures  from  the  exterior."  He 
also  drew  attention  to  the  finding  in  the  Oxford  Clay  of  Badipole 
of  **  the  trunk  of  a  fossil  tree;^3  feet  in  length,  6  inches  in  diameter, 
from  the  centre  of  which  the  spar  radiates  to  the  exterior  of  the 
trunk,  which  is  surrounded  by  similar  spar.  From  this  outer  coating 
there  are  other  radiating  septa  passing  into  the  indurated  clay  or 
matrix,  forming  when  cut,  u  circular  section  of  Septaria,  having 
the  fossil  trunk  for  its  centre."§ 

Damon  records  a  number  of  fossils  that  were  met  with  in 
deepening  Weymouth  Harbour.  The  upper  beds  of  the  Oxford 
Clay  have  been  exposed  at  low-water  on  the  south  shore  of  (he 
Harbour,  beneath  the  Nothe  Ghrits  (Corallian).  The  species 
include  Ammonites  cardatus,  and  A.  vertebralis,  but  also  other 
fossils,  some  of  which  are  characteristic  of  the  Kellaways  Beds. 
Hence  it  is  not  improbable  that  among  them  were  forms  drifted 
down  from  the  lower  beds  that  outcrop  on  the  borders  of  Badipole 
Lake. 


«  Many  fossilB  were  obsenred  by  Capt.  L.  L.  B.  Ibbetson,  soon  after  the  cattingi 
were  made, 
t  Supp.  to  Geology  of  Weymouth,  Ed.  8.  1888,  Plate  XVII. 
1  Trans.  Geol.  Soo.,  Ser.  2,  vol.  iy.  p.  28. 
§  Geol.  Weymouth,  1884,  pp.  2S,  27. 
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The  Oxford  Clay  is  exposed  in  low  cliffs  on  the  borders  of  the 
East  Fleet,  but  the  beds  are  not  well  shown  throughout  the  tract, 
there  being  intervals  where  no  section  occurs. 

West  of  Wyke  Regis  the  upper  portion  of  the  Oxford  Clay 
is  exposed  below  the  Nothe  Grits,  and  there  Ammonities  cor-" 
datus,  A.  vertebralis,  Modiola  bipartita^  Myacites  rccurvus,  and 
large  specimens  of  Gryphcea  dilatata  are  met  with  on  the 
foreshore,  together  with  ironstone  and  other  nodules.  To  the 
north-west,  many  specimens  of  G,  dilatata  are  met  with  in  the 
promontory  of  Furzedown.  Further  on  clays  with  ironstone- 
nodules  occur  east  of  Tidmoor  Point ;  Pentacrinus  likewise  occur?, 
and  a  few  large  specimens  of  G.  dilatata. 

At  the  western  part  of  Tidmoor  Point,  clays  with  selenite  are 
exposed,  and  numerous  fossils  are  met  with,  including  many 
small  ferruginous  Ammonites,  A.  athleta,  A.  hecticus,  and  A, 
Lambertif  Belemnites  hastatiLS,  Cerithium^  Avicula  incequivalms^ 
GryphcBtty  Nucula  ornata,  and  Pentacrinus.  These  bed^  and 
portions  of  those  below,  belong  to  the  zone  of  Ammonites  ornatus. 
Rounding  the  point  we  find,  on  the  northern  side,  blue  clay 
weathering  brown,  with  small  species  of  GryphcBO,  and  Belemnites. 
In  the  low  cliff  and  on  the  shore  in  the  centre  of  the  bay,  shales 
are  exposed. 

East  of  the  point  south  of  East  Fleet,  shales  with  septaria 
are  shown  in  the  cliff,  and  at  the  point  itself  there  is  a  plat- 
form of  clayey  shale  with  a  few  fossils ;  Avicula  incequivalvis, 
Gryphcea,  and  Ostrea.  On  the  western  side  of  the  point  the  beds 
undulate  a  little  and  here  lilac  rusty  shales,  and  paper  shales  with 
selenite,  fragile  Ammonites,  Area  and  other  small  bivalves  occur ; 
also  large  septaria,  one  of  which  measured  4  feet  across.  Beyond, 
the  beds  are  obscured  by  recent  accumulations,  and  the  junction 
with  the  Combrash  is  faulted ;  hence  we  have  no  information 
here  with  regard  to  the  Kellaways  Beds. 

At  the  brickyard  south  of  West  Chickerel,  the  lower  Oxford 
Clay  (zone  of  Ammonites  ornatus),  consisting  of  brownish-grey 
rusty  shales,  was  exposed.  Avicula  ovalis,  and  many  small  fossils 
were  to  be  found. 

On  the  northern  side  of  the  Weymouth  anticline,  between 
Broadway  and  the  Swannery  at  Abbotsbury,  we  find  a  long  vale 
of  Oxford  Clay,  but  no  sections  of  interest,  with  the  exception  of 
one  to  the  south  of  Rodden.  There  the  Combrash  and  Kellaways 
Beds  were  shown  in  a  pit  on  the  east  side  of  the  road  leading 
towards  Langton  Herring.  The  Kellaways  Beds  consisted  of 
sandy  and  shelly  shale,  overlaid  by  bluish  mottled  clay,  with 
Waldheimia  and  Serpula.* 

The  Kidgeway  cutting  of  the  Great  Western  Railway, 
which  crosses  the  great  fault  north  of  Upway,  brought  to 
light  a  mass  of  Oxford  Clay  and  also  beds  or  ''  blocks "  of 
Cornbrasb,  the  occurrence  of  which  was  first  pointed  out  by 
C.  H.  Weston.    (See  Fig.  132.)     The  Rev.  O.  Fisher  had  indeed 


*  See  Memoir  on  the  Lower  Oolitic  Bocks  of  England,  p.  436. 
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previously  seen  the  section^  in  1846^  and  he  has  remarked  on  the 
abundance  of  the  Oryphcea  dilatata.^  Weston  obtained  a 
number  of  fossils  from  the  OxfonI  Clay,  and  these  which  were 
named  by  Sowerby,  included  the  following  species  : — f 


Ammonites  ardnennensis. 

Marise. 

perarmatns  (catena). 


Grjphaaa  dilatata. 
Mooiola  bipartita. 
Thracia  depressa. 


It  is  curious  that  the  Oxford  Clay,  judging  by  the  above 
fossils,  should  be  represented  by  its  middle  and  upper  portions, 
while  , the  Cornbrasli  occurred  in  proximity;  but  the  facts 
indicate  that  long  previous  to  the  great  fault,  the  Jurassic 
strata  were  displaced  by  an  earlier  fault,  which  brought  the 
Furbeck  and  Wealden  strata  against  the  Cornbrash  and  Oxford 
Clay ;  and  that  the  beds  were  denuded  prior  to  the  overlap  of 
the  (Jpper  Greensand  and  Chalk.  Alongside  the  fault  no  doubt 
the  Oxford  Clay  and  Cornbrash  were  disarranged.  This  view 
of  the  case  I  brought  before  the  Geologists'  Association  during 
an  excursion  in  1889  made  under  the  guidance  of  Mr.  Hudleston, 
who  remarks  that  ^'  the  old  line  of  disturbance  seems  to  have 
become  a  line  of  weakness  in  post-Cretaceous  times,  although  the 
direction  of  the  throw  must  have  been  reversed."}  In  the 
section  across  Abbotsbury  drawn  by  Mr.  Strahan  (Fig.  52,  p.  93) 
it  will  be  noted  that  the  Forest  Marble  on  the  north  is  brought 
abruptly  against  Kimeridge  Clay,  &c.,  on  the  souths  so  that  from 
the  Oxford  Clay  of  the  Kidgeway  cutting  there  is  a  descending 
series  beneath  the  Cretaceous  rocks  as  we  proceed  to  the  south-west. 
Over  the  area  to  the  north,  the  Oxford  Clay  directly  underlies  the 
Cretaceous  rocks,  perhaps  beneath  much  of  the  ground  south  and 
south-west  of  Dorchester.  We  find  an  inlier  of  Oxford  Clay, 
mapped  by  Bristow,  at  East  Compton ;  and  again  in  the  higher 
part  of  the  Bride  or  Bredy  valley,  there  is  Oxford  Clay,  the 
occurrence  of  GrifphcBa  dilatata  being  noted  to  the  south-east  of 
Long  Bredy.     This  latter  tract  is  very  much  faulted. 

A  boring  made  at  East  Compton  in  1855  passed  throngh  rook  and  sands 
(Upper  Greensand)  to  a  depth  of  170  feet  (including  40  feet  sunk),  when  a 
small  amount  of  water  rose  to  the  level  of  the  boring  (40  feet  from  the 
surface).  Some  sandy  beds,  but  mainly  blue  clayey  material,  were  after- 
wards penetrated  to  a  depth  of  80  feet  (in  Oxford  Clay  probably),  and  no 
further  supply  of  water  was  obtained. 

The  most  westerly  tract  of  Oxford  Clay  in  South  Dorset  is 
that  exposed  near  Chilcombe.  GryphcBa  dilatata  was  noted  by 
Bristow  on  the  western  side  of  Hammerdon  Hill,  while  on  the 
south  side  there  was  an  old  brickyard,  which  showed  bluish- 
grey  and  purplish  shales  and  clays  with  septaria.  Beds  of  this 
character  were  penetrated  to  a  depth  of  about  40  feet  near  Lower 
Sturth:ll.§ 


*  Bam«s,  Guide  to  Dorchester,  lS50or  1S51,  pp.  30-32. 

t  Quart.  Journ.  Geol.  Soc,  vol.  iv.  p.  250 ;  vol.  viii.  p.  116. 

t  Proc.  Geol.  Assoc.,  vol.  xi.  p.  HL 

§  See  BarreU,  Geology  of  Swyre,  &c.,  1878,  p.  12.  The  beds  were  stated  to  be 
Lias,  with  Gryphoia  incurva  and  ffippopodium  ponderosum  ;  these  were  probably 
the  Oxfordian  Gri/pheea  and  Modiola, 
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Vale  of  Blackmare. 

Oxford  Clay  probably  occurs  directly  beneath  the  Cretaceous 
rocks  between  Cerne  Abbas  and  Maiden  Newton,  although  it  is 
most  likely  that  the  underground  tracts  are  considerably  raulted. 
Near  Eampisham  and  again  to  the  north  of  Corscomb,  small 
areas  of  Oxford  Clay  are  shown  on  the  Geological  Survey  Map ; 
and  to  the  east  and  north-east  of  these  tracts  we  enter  upon  the 
main  outcrop  of  Oxford  Clay,  an  area  which  under  the  name  of 
the  vale  of  Blackmore  extends  in  a  broad  belt  to  Wincanton,  and 
thence  onwards  into  Oxfordshire. 

In  this  tract  the  beds  are  opened  up  here  and  there  for  the 
manufacture  of  bricks,  tiles,  and  drain-pipes,  and  occasionally,  as 
at  Melbury  Osofnmd,  for  the  making  of  ornamental  bricks  and 
flower-pots. 

The  upper  beds  consist  of  blue  and  brown  clay,  with  ferruginous 
nodules  and  occasional  septaria.  These  were,  exposed  in  the 
Holnest  brickyard  situated  to  the  north-east  of  Totnell  corner, 
where  I  obtained  Ammonites  vertebralisy  ExogyrUy  and  Gryph(Ba 
dilatata ;  and  in  the  brickyard  north  of  MarnhuU  Street,  where 
G.  dilatata  also  occurs.  This  same  Gryphcea  is  found  at 
Chetnole,  and  in  the  beds  worked  to  the  west  of  Remedy  south 
of  Hilfield  Lane,  and  at  Middlemarsh,  south  of  Holnest.  At  the 
brickyard  north  of  the  Buck's  Head,  east  of  Melbury  Osmund, 
and  in  that  of  Ringstag,  near  Haselbury  Common,  I  obtained 
no  fossils.  Specimens,  however,  have  been  obtained  to  the  south 
of  Pulham,  but  no  section  was  to  be  seen  at  the  time  of  my  visit 
in  1885.  Some  records  of  well-borings  in  this  neighbourhood  are 
given  in  the  chapter  on  Water-supply  (p.  332). 

In  the  lower  Oxfordian  beds  there  are  but  few  openings.     At 

Weston,  between  Sutton  Bingham  and  Closeworth,  the  following 

section  was  exposed  : — 

Ft.    In. 
Thin  flaggy  beds  of  mbbly  and  sandy 

limestone    -  -  -10to20 

Brown  and  mottled  loamy  clay  with"! 
(near  the  top)  a  layer  yielding  many  I 
fragile   ana   crashed   specimens    of  >  4      6 
Waldheimia  and  Serpula        -  - 1 

_  Dark  blae  loamy  clay     -  -  -J 

Combrash         •    Bine-hearted  earthy  limestones  -      3      0 

This  section  corresponds  with  that  seen  between  Bodden,  south 
of  Portisham,  and  Langton  Herring.  A  somewhat  similar 
section  of  clays  overlying  Combrash  limestone?,  and  filling  pipes 
in  tlie  rock,  was  exposed  in  a  quarry  south-east  of  the  Barn, 
between  Closeworth  and  Melbury  Osmund. 

Further  on,  past  Sturminster  Newton  and  Stalbridge  to 
Wincanton,  I  have  no  records  of  wells  or  borings.  Ammonites 
Lamberti  has  been  foimd  at  Lydlinch,  and  GryphcBa  dilatata  at 
Bagber.  The  upper  beds  of  the  Oxford  Clay  have  been  worked 
in  a  brickyard  south  of  Fifehead  Magdalen ;  and  they  were  shown 
at  the  entrance  to  the  Kingsmead  Tunnel  on  the  London  and 
South- Western  Railway,  east  of  Buckhom  Weston, 


Kellaways 
Beds. 
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Wincanton  to  Frome. 

From  the  neigbourhood  of  Wincanton  the  vale  of  Oxford  Clay 
extends  along  the  foot  of  the  Cretaceous  escarpment  of  Penzlewood 
(Pen  Selwood)  and  Stourhead  to  Witham  Friary,  Longleat,  and 
Bodden,  near  Fronie. 

Near  South  Brewham^  a  boring  in  search  of  coal  was  made 
many  years  ago,  in  spite  of  remonstrances  from  William  Smith. 
The  speculator?,  as  we  are  told  by  John  Phillips,  proceeded  at  a 
ruinous  expense  through  ihe  Oxford  or  "  clunch "  clay,  and  the 
Kellaways  Rock,  with  Gryph(Ba  bilobata,  till  they  entered  the 
rocks  of  the  Oolitic  Series.*  It  is  probable  that  the  Kellaways 
Eock  forms  the  gentle  escarpment  that  rises  above  the  Cornbrash 
to  the  south  of  South  Brewham. 

In  more  recent  years  (1867-68)  another  fruitless  search  for 
coal  was  made  by  J.  Oxley,  about  a  quarter  of  a  mile  south  of 
Witham  Bridge,  Withain  Hole,  and  to  the  north-east  of  Witham 
Friary.  The  details  of  the  boring  have  been  published  by  Prof. 
Prestwich,t  but,  from  his  grouping  of  the  strata,  which  was  very 
doubtfully  given,  and  also  from  that  of  H.  W.  Bristow,t  I  venture 
seriously  to  differ.     The  record  is  as  follows  : — 


Boring  at  Witham  Friary. 

TmCKNESS. 

Depth. 

Ft. 

In. 

Ft.  In. 

'Surface  clay 

. 

10 

0 

— . 

Oxford  Clay 

and            J 

Blue  clay  with  Gryphoea  - 
Blue  marls 

- 

90 
50 

0 

0 

100      0 
150      0 

'  Blue  rock  -            -             - 

. 

1 

2 

151      2 

Kellaways 
Beds. 

Thin    layers    of    sandstone 

and 

limestone  with  Trigonia 

. 

48 

10 

200      0 

Light  ^Qj  marls  - 

. 

20 

0 

220      0 

Brown  and  blue   sandstone 

and 

Cornbrash.     - 

limestone  rock 
L  Sandstone  [P  limestone]   - 

- 

15 

• 

0 

235      0 

^Light  green  marls 

- 

^   16 

0 

251      0 

Dark  grey  marls    - 

- 

Whitish  marls 

- 

30 

0 

281      0 

Limestone 

. 

6 

0 

287      0 

Forest  Marble.  < 

Marl  slate  p            .            . 
1  Hard    limestone     granular 

and 

3 

0 

290      0 

'      oolitic    -            -            - 

m 

3 

0 

293      0 

Marl  slate  P 

m 

3 

0 

296      0 

Sands  and  sandstones,  alternating 

^    in  beds  18  inches  thick  - 

wt 

20 

0 

316      0 

The  boring  was  continued  to  a  total  depth  of  600  feet ;  but  the  details 
are  not  known,  and  there  Was  no  sign  of  Coal-measures.  Prof.  Prestwich 
had  included  the  beds  to  a  depth  of  287  feet,  with  the  Oxford  Clay;  and 
Bristow  regarded  the  beds  from  depths  of  251  to  287  feet  as  Corn- 
brash.   The  Cornbrash  is,  however,  exposed  at  Witham  Friary,  and  there 


*  Memoirs  of  William  Smith,  p.  66 ;  Conybeare  and  Phillips,  Geol.  England  and 
Wales,  p.  195;  and  Townsend,  Character  of  Morcs,  p.  128. 
t  Report  Royal  Coal  Commission,  vol.  i.  pp.  65,  163. 
{  Geology  of  East  Somerset,  &c.  (Oeol.  Sarvcy),  p.  48. 
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IB  reason  to  think  that  220  feet  is  quite  a  sufficient  tliickness  to  assign  to 
the  Oxford  Clay ;  the  lithological  definitions  of  the  borer  must  naturally 
be  interpreted. 

We  have  thus  evidence  of  the  Kellaways  Bock  in  this  region  ; 
and  indeed  its  presence  near  Witham  Friary  and  Marston  Bigot 
was  long  ago  noticed.*  The  upper  beds  of  the  Oxford  Clay, 
dark  grey  and  rusty  clays,  yielding  Gryphcea  dilafata,  and 
Myacitesy  were  worked  in  a  brickyard  south-east  of  Upper  Holt, 
on  the  southern  side  of  Witham  Jrark. 

The  lower  beds  of  the  Oxford  Clay  were  exposed  in  the  rail- 
way-cutting south  of  Blatchbridge,  near  Frome,  and  again  between 
Feltham  and  Fulbrook  Farms,  where  clay,  with  nodules,  and  small 
specimens  of  Gryphcea  dilatata  were  observed.  At  the  brickyard 
on  Eodden  Hill,  blue  shaly  clay  with  selenite  was  exposed  ;  and 
shaly  and  sandy  clays  with  ironstone-nodules  were  seen  near  the 
old  mill  by  Rodden  Down.  No  fossils,  however,  were  to  be 
found. 

Trowbridge  and  Melksham. 

The  area  extending  from  Road  to  Melksham  and  Laycock 
Abbey  forms  another  portion  of  the  great  vale  of  Oxford  Clay. 
In  a  brickyard  east  of  Road,  clays  with  septaria  were  exposed  to 
a  depth  of  8  feet,  the  lower  beds  being  grey  and  the  higher 
mottled  yellow,  grey,  and  red,  with  a  surface-soil  of  brown  loamy 
clay.  Avicida  incBquivalvisy  Gryphcea  (small  specimens),  Ostrea, 
and  a  cast  of  Trigonia  irregularis  were  here  obtained.  These 
beds  probably  overlie  the  Kellaways  Rock,  which  was  stated  by 
Townsend  to  occur  on  Road  Common. t 

The  neighbourhood  of  Trowbridge  has  afforded  several  in- 
teresting sections  of  the  Kellaways  Beds.  Some  of  these,  opened 
up  during  the  construction  of  the  Wilts  and  Somerset  (Great 
Western)  Railway,  were  described  by  Reginald  N.  ManteH,  the 
Resident  Engineer  of  the  line.  J 

Overlying  the  Cornbrash  on  the  south  side  of  Trowbridge 
there  were  seen,  in  ascending  order :  blue  clay,  Kellaways 
Rock,  and  then  clays  and  bituminous  shales  with  remains  of 
Saurians,  Lepidotusy  &c.,  many  Ammonites,  Belemnoteuthii,  ani 
other  fossils.  Dr.  Mantell,  who  described  some  of  the  fossils, 
mentioned  the  occurrence  of  a  fossil  tree  in  the  blue  clay  over- 
lying the  Kellaways  Rock,  and  observed  that  "  Trunks  and 
branches  of  Coniferous  trees,  from  10  to  20  feet  in  length, 
and  from  a  few  inches  to  upwards  of  a  foot  in  diameter,  werf) 
abundant ;  a  few  traces  of  the  folii^e  of  Cycadaceous  plants,  and 
of  Araucarise,  were  likewise  met  with."§         ^ 

The  beds,  indeed,  like  those  of  Christian  Malford,  yielded  fosf^Us 
by  the  hundred  ;  and  the  strata,  when  first  laid  bare,  were  eeen 
literally  to  be  studded  "  with  the  nacreous  cones  of  Belemnoteuthes, 
and  the  splendid  iridescent  shells  of  Ammonites ;  while  here  and 
there  Belemnites  of  large  size,  with  their  phragmocones  attached, 

*  Townsend,  Character  of  Moses,  p.  143. 
t  Cbaractfr  of  Moses,  p.  148. 
X  Quart.  Joam.  Geol.  Soc,  toI.  ▼!.  p.  312. 
§  G.  A.  Mant^n,  Phil.  Trans.,  1848,  p.  172. 
e    82428,  fi 
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were  lying  in  relief."*  Tiny  Ammonites  and  Belemnites  occurred 
in  clustersy  and  with  these  were  associated  the  plant-remains 
before  mentioned. 

The  following  series  of  beds^  recorded  by  R.  N.  Mantell^  was 
exposed  in  the  railway-cutting  near  Studley : — 


Oxford  Clay. 

Zone  of 
Ammonitea 

omatus. 


rOrumbly  shaly    marl,    with    Serpula 
I      vertebralU         -  -  -  . 

Shaly  marl,  with  Belemnoieuthis  (abun- 
dant) -  -  -  -  - 
Strong  slaty  clay,  with  pyritic  septaria ; 
and  numerous  examples  of  Ammo- 
nitea,  Belemnites ,  &c. 
Slaty  clay  with  many  specimens  of 
Alaria  (BosteUaria),  and  driftwood   - 


Ft.  In. 

3  0 

6  0 

9  0 


^ 


Kellawkys 
Beds. 


Bock  with  Am.  Beginaldi 

Slaty  clay  with  Ammonites ^  Behmnites, 

Belemyioteuthis  (rare),  and  lignite 
Crumbly  stone   -  -  -  - 

Strong  clay  with  fossils 
Slaty    clay,    with  Ammanites     Jason, 
Belemnites  f       Belemnoteiithis,       and 
lignite  -  -  -  - 

Clay        -  -  -  -  - 

'  Sandstone  and  sand,  &c. 
I  Clay     -  -  -  [10      Otol2 

Combrash. 


2 
1 

0 
0 

6 
3 
2 

0 
0 
0 

5 

10 

0 
0 

0] 


Kellaways 
Beds. 


0 


0 


South  of  Upper  Studley,  Trowbridge,  the  following  section  \^as 

to  be  seen  in  a  disused  brickyard  : — 

Ft.  In. 
relay,  brown  at  top,  and  mottled  red  in  T 
!      places  -  -  -  -  "  f  ^ 

I  Unctuous  pale  grey  clay  with  selenite  J 
J  Hard    grey    sandy    limestone  or    cal- ' 
)      careous  gritty  sandstone,  with  band 
of  septarian  limestone  and  irregular 
shelly  limestone ;  many  fossils 
Ochreous  clay. 

A  little  further  south,  about  half-way  between  this  brickyard 
and  Southwick  Bridge,  another  clay-pit  has  been  opened  in  grey, 
brown,  and  red  mottled  clay,  with  small  ochreons  galls,  resembling 
the  top  beds  in  the  above  section  and  also  those  displayed  near 
Koad. 

Probably  the  lowest  clay  was  exposed  in  the  brickyard  west  of 
Lower  Studley,  and  south-west  of  IVowbridge  :  it  contains  a  band 
of  septaria.  To  the  north-west  of  the  railway-station  a  brickyard 
clearly  shows  these  lower  beds  as  follows  : — 

Ft.    Ik. 


Kellaways 
Beds. 


tflard  flag^  and  calcareous  sandstone 
and  sandy  layers,  with  many  fossils, 
(as  at  Upper  Studley). 
^  Unctuous  blue  clay  (weathering 
yellowish-brown)  with  much  selenite 
and  a  band  of  septaria;  seen  to  a 
depth  of  -  -  -  - 

The  Combrash  would  probably  be  reached 
in  a  foot  or  two. 


-    10      0 


*  G.  A.  Mantel],  Phil.  Tram.,  1848,  p.    174  ;  and  H.  N.  Mantell,  Quart.  Journ. 
Geol.  Soo.,  Tol.  Ti.  p.  814. 
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The  accompanying  section  (Fig.  19)  shows  the  general 
an*angement  of  the  strata.  The  precise  horizon  of  the  Oxfordian 
clay  in  the  trough-fault  is  not  quite  certain.  Mantell  records 
from  it  Ammonites  Kceniffi,  so  that  it  probably  belongs  to  the 
lower  beds. 

The  followino:  fossils  have  been  obtained  from  the  Oxfordian 
Beds  of  Trowbridge  : — 

Kellcitoays  Beds. 


X 
X 

X 

X 


Ammonites  calloviensis. 

KcBiiigi. 

macroct  phalli  s. 

•- —  modiolaris. 
Ancyloccras  calloviense. 
Alaria  bispinosa. 
Cerithium  mnricatum. 
Area  Quenstcdti. 

subtetragona. 

Astarte  carinata. 
Avicula  braamburicnsis. 


ovalis. 


Cardiiim  cognatum. 
Corbnla  Macnellli. 
Cucullfea  conciuna. 


X  Gryphsea  bilobata. 
X  — —  dilatatfi  (small). 

Jsocardia  minima. 

Leda  Phillipsi. 

Modiola  bipartita. 
X  Myacites  recurvus. 
X  Ostrea  gregaria. 

Pecten  demissus. 

X  fibrosus. 

X  —  lens. 

Pholadbmya  acuticosta. 

Marchisoui. 

X  Trigonia. 

Waldheimia  ornithocejiliala. 
X  Crustacean  (claw). 


Shales  (Zone  of  Ammonites  ornatus). 


Ammonites  athleta. 

Gbamusscti. 

gowerianus. 

hecticus  var.  lunula. 

Jason. 

Koonigi. 

modiolaris. 

Reginaldi. 


Belomnotenthis  antiquus. 
Belemnites  abbreviatus. 

Oweni. 

Nautilus. 
Avicula  expansa. 
Lcda  Phillipsi. 
Modiola  bii)ariita. 
Scrpula. 


c 


Most  of  these  species  wore  collected  l>v  R.  N.  Mantell,  and  named  by 
Morris  ;*  those  marked  X  were  collected  ))y  Mr  J.  Rhodes  and  myself. 

Fig.  20. 

Bluish-grey  clays  with  much  selenitc  were 
exposed  in  the  brickyards  north  of  Islington, 
Trowbridge ;  and  Kcllaways  Rock  was  noted 
by  Wno.  Smith,  in  the  Kennet  and  Avon 
Canal  near  Lady-down  Fann,  between  Trow- 
bridge and  Staverton. 

Oypridea  spinigera.  Sow, 

Prof.  T.  Rupert  Jones  informed  me  that  a  curious  Ostracod, 
Ake  Cypiidca  spinigera  of  the  Wealden  Beds,  and  recorded  also 
from  Oligocenc  strata,  had  been  obtained  from  a  dark-coloured 
clay  brought  by  R.  N.  Mantell  from  one  of  the  Trowbridge 
railway-cuttings  (Fig.  20).     No  Microzoa,  however,  were  to  be 


*  Quart.  Joum.  Geol.  Soc,  vol.  vi.  p.  815. 
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found  in  specimens  of  the  Oxford  Clay  (from  this  neighbour- 
hood) which  I  forwarded  to  Prof.  Jones  for  examination.* 

The  lower  Oxfordian  beds  were  exposed  in  a  brickyard  at 
Holt,  where  Mr.  Rhodes  obtained  Myacites  recurvus  and  Area 
Quenstedtil  Lonsdale  notes  Kellaways  Rock  at  Whitley,  near 
Melksham.f 

The  record  of  a  well  sunk  in  1816,  for  the  Melksham  Spa 
Company,  afforded  an  interesting  section  of  the  middle  and  lower 
beds  of  the  Oxfordian  formation  of  this  district.  {  It  may  be 
summarized  as  follows : — 


Oxford  Clay 

and 
Kellaways 
Beds. 


Combrash 


Forest  Marble 


< 


Ft.  Ik. 
Dark-coloured    marl,     which    "  broke 

into  rhomboids "        -            -            •  90  0 
Marl,  with  Naidilua,  and  many  pyritio 

Ammonites;  and  towards  the  base 

lignite  and  septaria    -            -            -  132  0 

Band  of  septaria            -            .            -  2  0 

Marl        -            -            -            .            -  60  0 

Gritty  stone       -           -           -           -  2  6 

Marl       .           -           .           .            -  18  0 
Light-coloured  stone,  with  partings  of 

clay    -           -           -           -           -  20  0 

Alternate  sti^ta  of  stone  and  clay        -  23  6 

Pale  stone          -            -            .            -  2  6 
Hard  stone,  separated  l^y  l>eds  of  clay 

and  sand        -           -           -           -  11  0 


351 


An  earlier  record  of  a  well  sunk  at  Holt  was  published  in 
1728  by  the  Rev.  J.  Lewis  :§  this  I  have  elsewhere  quoted^  in 
connexion  with  the  occurrence  of  saline  waters,  which  were 
encountered,  at  a  depth  of  about  10  feet,  in  the  Kellaways  Beds.|| 
It  is  possible  that  the  Combrash  was  touched  at  the  bottom  of 
the  well. 

The  upper  beds  of  the  Oxford  Clay  were  shown  in  a  brickyard 
to  the  north-east  of  Seend,  and  in  another  known  as  the  Bromham 
brickyard,  on  the  south  side  of  Sandridge  Hill.  The  beds  yield 
Gri/ph(Ba  dilatata  in  abundance. '  The  Bromham  brickyard  showed 
about  12  feet  of  grey,  lead-coloured,  and  yellow  streaky  clay, 
with  selenite,  ironstone-nodules,  and  septaria ;  here  Saurian  bones 
are  sometimes  obtained,  but  fossils  are  not  abundant. 

Reference  has  been  made  by  Prof.  Hull  to  the  narrow  outcroj) 
of  the  Oxford  Clay  near  Laycocklf  The  most  likely  explanation 
seems  to  be  that  of  a  fault — perhaps  a  continuation  of  one  marked 
on  the  Geological  Survey  Map  north  of  Atford. 

*  Jones  and  Sherborn,  Geol.  Ma^.,  1886,  pp.  273,  274. 

t  Trans.  Geol.  Soc,  Ser.  2.  vol.  hi.,  p.  275. 

t  H.  B.  W.,  Quart.  Jouni.  Geol.  Soc,  vol,  xlii.  p.  301 ;  sec  also  Brittou  aud 
Braylej,  Beauties  of  Wiltshire,  vol.  iii.  p.  221. 

§  Phil.  Trans.,  vol.  xxxv.  p.  489. 

II  Quart.  Joum.  Geol.  Soc.,  vol.  xlii.  p.  302 ;  Memoir  on  the  Lower  Oolitic  Bocks 
of  England,  p.  514. 

^  Geol.  parts  of  Wilts,  &c.  p.  19. 
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The  Kellaways  Eock  has  been  observed  near  Eay  (or  Key) 
Bridge,  Laycock.  Specimens  of  calcareous  sandstone  from  this 
locality  are  preserved  in  the  Museum  of  Practical  Geology ;  they 
contBin  Ammonites  KcBniffi,  Isocardia  minima,  Rhynchanella  varians, 
and  Waldheimia  obovata. 


Chippenham,  Kellaways^  and  Christian  Malford. 

The  various  beds  of  the  Oxford  clay,  including  representatives 
of  jhe  Kellavv'ays  Rock,  have  been  exposed  in  several  brickyards 
in  the  great  vale  that  extends  from  Chippenham  to  Oxford.  In 
this  area  is  included  the  old  Forest  of  Braydon,  of  which  but  small 
remnants  now  exist  in  the  country  between  Malmesbury  and 
Wootton  Bastsett.  Judging  from  the  evidence  I  have  been  able 
to  gather,  the  following  appear  to  be  the  chief  local  divisions : — 

Ft.    Ih. 

Grey  and  Icad-colonred  clays,  with 
occasional  gritty  bands,  iron-stone 
nodules,  septaria,  and  selenite :  Gry- 
phoea  dikUata  (abundant)       -  ••  300      0 

Dark  laminated  clays,  shales,  and 
marls,  with  occasional  septaria,  and 
pyritic  fossils  -  -  -  -  200      0 

^Bands  of  loamy  clay,  sand  and  cal- 
careous and  shelly  sandstone,  fossili- 
ferous         .  -  -    30    0  to    40      0 

Clay,  ochreous  and  eand^,  and  blue 
clay,  with  mnch  seleniio  and  an 
occasional  band  of  septaria    12    0  to    20      0 


Oxford  Clay     -  < 


Kellaways 
Beds. 


About   -  560      0 

At  Foxham,  4  miles  north-east  of  Chippenham,  a  boring  for 
water  was  carried  to  a  depth  of  420  feet  in  Oxford  Clay,  accord- 
ing to  information  furnished  to  H.  W.  Bristow  by  John  Spencer, 
of  Bowood.  "  Rock  *'  was  then  reached,  but  whether  this  was 
Kellaways  Kock  or  Cornbrash  was  not  stated.  The  full  thickness 
of  the  Oxford  Clay  is  not  present  at  that  particular  locality ; 
indeed  it  cannot  be  less  than  500  feet.* 

The  neighbourhood  of  Chippenham  is  a  classic  district  for 
Oxfordian  fossils ;  the  localities  of  Kellaways  and  Chrifltian 
Malford  being  famous  in  the  annals  of  Geology. 

The  name  *'  Kelloways  Stone  "  was  applied  by  William  Smith 
to  the  thin  fossiliferous  beds  of  calcareous  sandstone,  that  occur 
near  the  base  of  the  Oxford  Clay,  at  Kellaways,  about  2  J  miles 
north-east  of  Chippenham  in  Wiltshire. 

A  description  of  the  rock,  which  was  stated  to  be  from  3  to 
6  feet  in  thickness,  was  published  by  the  Rev.  Joseph  Townsend, 
from  observations  made  conjointly  with  Smith  ;  and  it  is  recorded 
now  the  rock  liad  been  distinctly  traced  across  country  from  South 
Brewham   to   beyond   Malmesbury.     Nevertheless,  a  few  of  the 

*  See  also  J.  Buckman,  Quart.  Journ.  Geol.  Soc,  vol.  xiv.  p.  124. 
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localities  given  by  Townsend  are  erroneous,  as  the  Lower 
Calcareous  Grit  was  in  some  cases  confused  with  the  Kellaways 
Eoct* 

In  refei-ence  to  the  Kellaways  Rock  ("  Kelloways  Stone "), 
William  Smith  remarked  that  neither  from  thickness  nor  consis- 
tence can  it  be  properly  called  a  formation,  and  it  should  be 
regarded  only  as  one  of  the  divisions  in  the  great  day-district 
(Oxford  Clay),  "  there  being  beneath  this  stone  another  stratum  of 
clay,  which  is  the  boundary  of  the  great  stony  district  called  the 
Stonebrash  Hills  "  (Cornbrash,  &c.).  He  states  that  the  course  of 
the  stone  is  known  only  by  the  few  excavations  in  it,  chiefly  for 
road-materials,  which  in  a  country  abounding  so  much  with  clay 
are  very  scarce.  The  excavations  were  few  and  shallow,  and  they 
held  water.  As  remarked  by  Townsend,  the  Kellaways  Bock 
"  first  attracted  our  notice,  at  Kelloway  Bridge,  in  the  high  road 
from  Calne,  by  Bremhill,  to  Malmesbury  ; "  and  Smith  describes 
it  as  '*  brown  rubblv  stone,  with  sandy  exterior  ;  irregular  lumps, 
bluer  and  harder  within,  composed  chiefly  of  Organized  Fossil s."t 
Lonsdale,  who  subsequently  saw  some  of  the  sections,  notes  that 
the  rock  is  a  calcareous  sandstone,  and  that  while  fossils  are 
occasionally  so  numerous  as  to  constitute  nearly  the  whole  of  the 
sti*atum,  they  are  often  wanting.J 

In  1886  when  seeking  for  evidence  of  the  Kellaways  Bock,  I 
learnt  that  the  small  quarries  have  long  been  abandoned  and 
obscured,  but  I  was  fortunate  in  finding  a  section  in  the  banks 
of  the  Avon,  near  a  foot-bridge  about  hatf  a  mile  below  Kellaways 
Mill ;  and  subsequently  in  company  with  Mr.  Bhodes  we  found 
another  exposure  in  the  banks  of  a  deep  water-course,  on  the 
western  side  of  the  river,  and  a  little  nearer  to  the  road  that  leads 
to  Peckingel  Farm.     The  sections  showed  the  following  beds  : — 

Ft.  In. 
Allavium.  Loam  -  -  •  10  to  30 

fBaff  sand  and  fissile  calcareous  sandstone, 
KellawavB      J     ^^*^  lignite  and  many  fossils       1      0  to  2      0 
Beds  \  Brown  sandy  clay  passing  down  into  blue 

I     clay,    with    small    GrypJioeas   seen  to 
L    depth  of-  -  -  -  -60 

William  Smith  remarked  that  "  In  most  parts  the  surface  and 
soil  of  this  stratum  [Kellaways  Rock]  diflfers  but  little  from  that 
of  the  clay  courses  on  each  side,  and  that  little  distinction  is  still 
fiirther  partially  obscured  by  the  soil  of  the  calcareous  alluvium 
which  is  common  to  the  clay  vale  district."  This  was  notably 
the  case  at  South  Cerney,  south  of  Cirencester,  where  the  extent 
of  the  Kellaways  Rock  was  not  until  lately  known.  The  fact, 
however,  suggests  that  where  marked  hills  overlook  the  Cornbrash, 
or  in  other  words,  where  there  is  a  gentle  escarpment  of  Oxfordian 
Beds  above  that  formation,  there  Kellaways  Rock  may  reasonably 
be  expected.     Smith  observed  that  the  rock  "nowhere  forms  any 

*  Character  of  Moses,  pp.  103,  1-27,  148. 

t  Strata  ideutified  by  Organized  Fossils,  181G,  p.  23. 

t  Trans.  Geol.  See,  S«r.  12,  vol.  Hi.  p.  260. 
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characteristic  surface^  or  rarely  a  hill  or  other  feature  which  i» 
distinguishable  to  any  but  those  who  know  where  to  look  for  the 
Stratum.  Several  small  commons  in  North  Wilt?,  rather  sandy 
and  springy,  seem  to  be  of  the  soil  formed  by  the  outcrop  of  this 
Stratum,  whose  course  is  but  partially  defined  ; "  while  hollow- 
ways,  ^*  in  roads  across  the  course  of  this  Stratum,  but  little  sunk 
beneath  the  surface  of  the  adjoining  lands,  seem  to  indicate  its 
site."  lie  adds,  that  "Selenite  is  very  abundant  in  the  clay 
above  it ;  bituminous  wood,  and  a  brown  aluminous  earth  below 
it.  There  is  great  reason  to  believe  that  the  mineral  waters  t)f 
the  lower  part  of  the  clay  vale  series  are  from  this  stone,  or  seme 
contiguous  part  of  the  clay  above  or  below  it."*  This  was  the 
case  at  Holt,  as  previously  mentioned. 

The  Kellaways  Rock  no  doubt  helps  to  form  the  feature  that 
i*ises  from  near  Peckingel  Farm  on  the  borders  of  the  Avon,  and 
extends  above  Cocklebury  Farm  and  across  the  Great  Western 
Railway  to  the  north-east  of  Chippenham  Station.  Sandy  layers 
are  shown  in  the  cutting  of  the  Calne  branch-railway  near 
Chippenham,  but  the  banks  are  mostly  obscured. 

According  to  Bristow's  notes,  sands  with  an  occasional  inter- 
rupted bed  of  stone  (Kellaways  Rock),  were  found,  at  depths  of 
7  to  12  feet,  beneath  clay  and  surface-soil  at  the  Chippenhan^ 
Cemetery.  The  beds  were  also  exposed  to  the  south  of  the  to\vn, 
in  a  cutting  at  the  Rifle  Butts,  between  the  river  and  a  branch  of 
the  Wilts  and  Berks  Canal,  east  of  Rowden  Farm,  There  grey 
micaceous  clay  with  sandy  layers  occurs ;  Ostrea  gregdria,  and 
GryphcBa  bilobata  are  abundant,  and  Belemnites  sulcatus,  Avicula 
incBquiralvis^  and  A,  ovalis  likewise  occur.  The  locality  was 
mentioned  by  William  Smith. 

Other   indications  of  Kellaways   Rock,  at  Tytherton   Lucas, 
Christian    Malford,   and   Dauntsey   House,  were   mentioned   by 
Smith  ;  and  Brinkworth  Common,  and  Blick's  Hill,  near  Malmes- 
bury,  were  noted  by  Townsend.     It  is  probable  that  at  some  of 
these  places  the  beds  were  proved  in  the  sinking  of  wells. 

The  occurrence  of  Kellaways  Rock  was  proved  by  Mr.  T. 
Holloway,  of  Chippenham,  at  Little  Somerford  (Soraerford  Parva) ; 
and  two  Ammonites  were  kindly  sent  by  him  to  the  Museum  at 
Jermyn  Street.  These  proved  to  be  Ammonites  Bakeries  (9  ins. 
diam.)  and  A,  gowcrianus.  They  were  obtained  from  a  depth  of 
7  feet,  in  the  drainage  of  a  new  burial  ground,  south-west  of  the 
village,  and  north  of  the  turning  to  King's  ]Mead  Mill.  The  rock 
was  a  hard  calcareous  sandstone  2  ft.  6  ins.  thick,  embedded  in 
sand,  and  below  there  was  evidence  of  clay. 

Tlie  following  is  a  list  of  the  fossils  collected  from  the  Kellaways 
Beds  of  Kellaways  and  Chippenham,  by  Mr.  John  Rhodes  and 
myself: — 


Ammonites  Bakerice. 

calloviensis. 

goweriaims. 

Kcenigi. 


Ammonites  Marice. 

modiolaris. 

AncyloceniB  calloviense. 
Belemnites  Oweni. 


*  Strata  identified  by  Organised  Fossils,  1816,  p7  23. 
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Belemnites  snlcatas. 
Alaria  trifida. 

Bonrgnetia  {^*  Phasianella  "). 
Oerithinm  Culleni. 
Katica  punctora. 
Turbo  Archiaci. 
Anatina. 
Area  aemnla. 

Quenetedti. 

— -  subtetragona. 
Astarte  carinata. 
Ayicula  braambnriensis. 
-«—  inaeqiiivalvis. 
—  Munsteri, 

ovalis. 

Cardinm  cognatnm. 

Crawfordi. 

Corbnla  Macneilli. 
Cucullsea  concinna. 
Gervillia. 

Goniomya  v.-scripta. 
Gryphsea  bilobata 
— — -  dilatata. 


Isocardia  minima. 
Lima. 

Lithodomus. 
Lucina  despecta. 

rotunaata. 

Modiola  bipartita. 

cuneata. 

Myacites  calceiformis. 
decurtatns. 


recur  vus. 


Nucula  ornata. 
Ostrea  gregaria. 
Pecten  fibrosus. 

lens. 

Pholadomya  acuticosta. 

Pinna.  ^ 

Trigonia. 

Unicardium. 

Rbynclionella  variaus. 

Terebratula. 

Waldheimia  ornithocephala. 

" var.  calloviensis. 


Serpula  tetragona. 

The  clays  above  the  Kellaways  division  were  shown  in  a  brick- 
yard north  of  Middle  Lodge,  south-east  of  Chippenham,  on  the 
borders  of  the  Wilts  and  Berks  Canal ;  but  there  are  few  sections 
to  be  seen  in  the  beds,  and  nowhere  bave  I  seen  the  rich  fossil-layers 
of  the  zone  of  Ammonites  omatus  opened  up  in  this  part  of  the 
country.     Fortunately  the  geologists  of  old  have  left  their  records. 

The  following  section  of  "  the  quarry  at  Christian  Malford  "  was 
noted  by  Lonsdale  : — * 

Ft.    Jy. 
Oxford  Clay.    Pale  lead-coloured  clay,  streaked  with  vellow. 

Botten,  rubbly  stone,  highly  charged  with 
oxide  of  iron,  and  enclosing  few  organic 
remains     -  -  -  -  . 

j  Sandstone,  abounding  with  fossils     • 
I  Sand    "--•-• 
LClay 

The  precise  situation  of  this  opening  was  not  given,  but  the 
beds  evidently  come  below  the  rich  fossiliferous  shales  of  Christian 
Malford,  that  were  brought  to  light  in  1841  during  the  construc- 
tion of  the  Great  Western  Railway.  Of  the  many  fossils  then 
obtained  from  the  Oxford  Clay,  the  majority  were  procured  from 
pits  and  trenches  dug  on  either  side  of  the  railway,  between 
Wootton  Bassett  and  Chippenham,  for  the  purpose  of  obtaining 
material  for  embankments. 

The  following  section  of  the  beds  was  given  by  J.  Chaning 
Pearce : — t 


Kellaways 
Beds. 


5 

0 

3 

0 

4 

0 

Valley 
Drift. 

Oxford 
Clay. 


/  Soil      -----. 

L  Gravel  ------ 

Four  or  five  bands  of  laminated  clay,  alter- 
nating with  sandy  clay,  almost  entirely 
composed  of  broken  shells  -  - 

^Clay,  containing  Gryphcea  hilobaia 


Ft. 

In. 

2 

0 

8 

0 

0 


*  Trans.  Geol.  Soc,  Ser.  2,  vol.  iii.  p.  261. 
t  Proc.  Geol.  Soc,  vol.  iii.  p.  598. 
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The  fossils,  which  were  obtained  chiefly  from  the  lamiDated  clay, 
included  Fishes^  MoUusca,  Crustacea,  and  Lignite.  Hundreds  of 
Ammonites,  especially  those  of  the ''  Ornati  group,"  were  obtained, 
and  although  for  the  most  part  iu  a  flattened  condition,  many  were 
otherwise  perfect,  and  the  form  of  the  aperture,  as  seen  in 
examples  of  A.  Jason  and  its  allies,  was  beautifully  shown.  Some 
new  species  were  described  by  S.  P.  Pratt.* 

Specimens  from  Christian  Malford  thus  came  to  be  distributed 
amongst  the  principal  collectors  of  the  time,  including  the  Marquis 
of  Northampton,  I>r.  Mantell,  and  William  Cunnington,  and 
examples  are  to  be  seen  in  most  museums,  including  those  of  Bath, 
Bristol,  and  Devizes.  Many  of  the  fossils  were  obtained  and 
developed  with  great  skill  by  William  Buy,  of  Sutton  Benger ; 
and  among  those  were  some  of  the  most  perfect  specimens  of 
Belemnites.  Another  form  was  named  Belemnoteuthis  antiquus  by 
J.  Chaning  Pearce  ;t  concerning  this,  S.  P.  Woodward  remarked 
that  ^^  In  the  fossil  calaraary  of  Chippenham,  the  shell  is  pre- 
served along  with  the  muscular  mantle,  fins,  ink-bag,  funnel,  eyes, 
and  tentacles  with  their  homy  hooks.":^ 

Among  the  fossils  from  Christian  Malford,  the  following  may 
be  enumerated : — 


Aspidorhynchus  euodos. 
Lepidotus  macrocheims. 
Leptolepis  macropfhtlialinas. 
Ammonites  Bakeriad  var  flnctno- 

BUS. 

Comptoni. 

Duncani. 

Elizabetha}. 

gowerianus. 

—  hecticTiB  var.  lunula. 

Jason. 

var.  Gulielmi. 

Kcenigi. 

—  macrocephalus. 


Ammonites  modiolaris. 

Sedgwicki. 

Belemnites  hastatua. 
—  Oweni. 

Belemnotenthis  antiqnus. 
Alaria  bispinosa. 

trifida. 

Patella. 
Avicnla  ovalis. 
Leda  Phillipsi. 
Pholadomya  deltoidea. 
Mecocheims  Pearcei. 
Amphiura  Pratti. 


It  is  not  improbable,  as  the  fossils  were  obtained  at  various 
spots  along  the  railway,  near  Christian  Malford,  that  some 
specimens  were  derived  from  the  zone  of  Ammonites  calloviensisy 
although  the  greater  portion  of  thetn  were  found  in  beds  that 
belong  to  the  zone  of  A.  ornaius. 

Ammonites  Duncani  and  A,  Achilles  have  been  recorded  from 
Dauntsey.  A  brick-yard  by  Dauntsey  Station  wrs  opened  in 
reconstructed  loamy  and  gravelly  beds  with  derived  fossils  from 
the  Corallian  rock?,  &c. 


*  Ann.  Nat.  Hist,  vol.  viii.  (1841),  p.  161. 

t  Charlcs^orth's  London  Geol.  Joiirn.,  1847,  p.  75  ;  Cunnington,  Ihid.^  p.  97. 
The  species  named  by  Pearce  was  described  as  Belemnites  Oweni,  by  Owen,  Phil. 
Trans.,  1844,  p.  65 ;  see  also  Mantell,  Ibid.,  1848,  p.  170,  and  1850,  p.  393. 

X  Manual  of  the  MoUusca,  Part  1,  1851,  p.  75. 
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Wootton  Basscit  and  Malmesbury  to  Cirencester, 

About  a  mile  west  of  Wootton  Bnsdett,  a  brickyard  by  Old 
Park  Farm,  on  the  north  side  of  the  Great  Western  Eailway, 
showed  the  following  section  : — 

C  Brown  clayey  soil. 
Oxford      J  Grey  slightly  calcarooas  clay. 

Clay.         I  Greyish- brown  clay  i»ith  bnnda  of  brown  gp-itty  calcareous 
L     stone. 

These  bedi?,  which  were  opened  to  a  depth  of  about  18  feet, 
belong  to  the  upper  division  of  the  Oxford  Clay,  The  following 
fossils  were  collected  by  Mr.  Rhodes  : — 

Ammonites  cordatns.  Hyacites  recurvus. 

Gryphaea  dilatata.  Nucula  omata. 

Ostrea.  ;        Thracia  depressa. 

Hodiola  bipartita.  i 

At  a  brickyard  at  Lower  Stanton^  south  of  Corston,  where  the 
Kellaways  Beds  overlie  the  Cornbrash,  I  obtained  from  the  Base- 
ment Clay  some  crushed  shells  of  Ostrea^  Waldheimia  and 
Rhynchonella  varians,  together  with  ISerpula  vertebralis ;  and 
from  the  Kellaways  Rock,  Waldheimia  ornithucephala.* 

North  of  Malmesbury,  a  section  at  a  brickyard  showed  eight 
feet  of  grey  clay  with  selenite,  and  few  foseils.  Professor  Hull 
noted  the  presence  of  the  Kellaways  Rock  in  this  locality,  f 

A  trace  of  the  Kellaways  Beds  (to  which  I  have  elsewhere 
referred)  was  shown  to  the  north-west  of  Kcmble  Junction,  in  a 
lane-cutting  north  of  Great  Barn.j: 

In  the  neighbourhood  of  Cirencester,  the  Kellaways  Rock  was 
observed  by  William  Smith  on  the  banks  of  the  Thames  and 
Severn  Qanal  near  South  Cemey  (Cerney  Wharf) ;  and  not  far 
from  this  spot  a  fine  section  of  the  beds  was  opened  up  in  1883, 
in  the  cutting  of  the  Midland  and  South- Western  Junction 
Railway,  west  of  Cemey  Wharf.  Attention  was  first  directed  to 
this  section  by  the  late  Prof.  Allen  Harker,  of  Cirencester,  and  I 
had  the  pleasure  of  visiting  it  under  his  guidance.  The  section 
was  as  follows  : — 


Ft.  In. 


Gravel  (in  places) 

f  Brown  clay        -  -            .            . 

I  Grey  clay           -  -            .            - 

I  FermginouB    sandy  beds    with  hard 

Kellaways  Beds.  \  ^  modules          -  . 

Layer  of  hnge  "  Doggers  "         6    0  to 

Yellow  loamy  sands      ... 

LClay 


The  Doggers  form  the  most  conspicuous  feature  in  this  section ; 
they  are  large  si)heroidal  masses  of  calcareous  sandstone,  blue- 
hearted,  but  weathering  yellow,  and  very  hard.  They  are  fissile 
in  places,  and  are  evidently  due  to  a  local  cementation  of  the  sand, 

*  See  also  Memoir  on  Lower  Oolitic  Rocks  of  England,  p.  441. 

t  Geol.  parts  of  Wilts,  &o.  pp.  18,  19. 

X  Memoir  on  the  Lower  Oolitic  Rocks  of  England,  p.  442. 
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that  commeaccd  nroand  organic  remaine.    Nests  of  Brachiopods 
( M'aldheimia  oborata)  occur  in  many  of  the  masses,  together  vith 
Ammonites,  shelly  layers  with  small  0$trea,  Aviaila,  and  other 
fossils  ;  also  lignite.     Some  irregular  cavities  occur  in  the  stone, 
and  there  are  likewise  fucoidal  markings.     A  full  account  of  the 
strata  was  published  by  Professor  Harker,*  who  mentions  that 
one  of  the  large  Doggers,  weighing  about  1^  tons,  4  ft,  6  ins.  in 
diameter  and   1  ft.  9  ins.  in   thickness,  has  been  placed   in  the 
garden  attached  to  the  Royal  Agricultural  College,  near  Cirencester, 
Prof,  Harker  gives  the  foflowing  analysis  of  the   calcareous 
snnd stone : — 

Calciam  carbonate  -  .....      34'35 

Ferric  oiidc  ......         1"W 

MuDganese  aud  Alumioa  •         '  -  -  •  -  '64 

Sodium  chloride  -     1  ...      tracea 

SihcB,  (Sand) 6074 

97-67 

He  remarks  that  nfter  exposure,  some  examples  of  the  Do^^^era 
weathered  rapidly  and  successive  coatings  became  separated  from 
the  central  core;  and  that  "lying  about  in  the  cutting  were 
numbers  of  these  regular  shaped  cores,  called  <  cannon  balls '  by  the 
workmen."  It  is  remarkable  that  the  Engineers  in  their  pre- 
liminary trial-borings  along  the  line  of  railway  failed  to  meet  in 
any  quantity  these  huge  masses  of  rock,  and  they  were  "not 
revealed  until  the  excavations  for  the  cutting  had  proceeded  some 
considerable  length." 

The  accompanying  illustration  ia  taken  from  a  photograph 
pubhshed  by  Prof.  Harker ;  it  represents  the  general  aspect  of  the 
cutting,  looking  northwards.  Heavy  rains  bad  washed  away  the 
loose  sand,  leaving  the  Doners  standing  out  prominently.  It 
is  not  until  we  reach  the  neighbourhood  of  Bedford  that  simitar 
masses  are  seen  in  the  Kellawaye  Beds. 

Fig.  21. 

Section  along  the  Midland  and  South- H'entern  Junction   Railway 

at  South  Cernej/y  near  Cirencester.     (From  a  Photograph.) 


•  Prcc.  Cotleiwold  Clnb,  vol.  i 
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The  following  fossils  were  obtained  from  the  Kellaways  Kock 
of  South  Cerney,  by  Prof.  Harker,  Mr.  Rhodes,  and  myself : 
those  marked  x  being  recorded  by  Prof.  Harker  : — 


X 

Ammonites  calloviensis. 

X 

GryphsBa  bilobata. 

X 

Chamnsseti. 

X 

dilatata. 

X 

gowerianus. 

X 

Isocardia  minima  (tenera). 

X 

Koenigi. 

Lima. 

macroceplialus. 

Lucina  despecta. 

X 

modiolaris. 

X 

Modiola  bipartita. 

X 

Belemnites  hastatus. 

X 

Myacites  recurrus. 

X 

- —  Oweni. 

X 

Ostrea  flabelloides. 

X 

Nautilus  hexagonus. 

Pecten  fibrosns. 

Cerithium  Culleni. 

X 

lens. 

X 

Pleurotomaria  dcprcssa. 

Pinna  mitis  P 

Dentalium. 

X 

Pholadomya  deltoidea. 

Astarte  robusta? 

X 

Phillipsi. 

ungulata. 

Trigonia. 

Avicula  Miinsteri. 

X 

Uni cardium  sulcatum. 

Cardium. 

X 

Bhynchonella  varians. 

CucuUaea. 

X 

Waldheimia  obovata. 

Goniomya  v.  scripta'. 

ornithocephala. 

X 

Gresslya  peregrina. 

Pentacrinus  Fieheri  P 

That  the  sandy  basement-portion  of  the  Oxfordian  formation 
attains  a  great  local  thickness  is  shown  by  the  evidence  of  a 
boring  at  South  Cerney,  and  the  deep  sinking  at  Swindon :  the 
Kellaways  Beds  there  are  proved  to  be  from  60  to  75  feet  thick. 

A  boring  at  the  Manor  House,  South  Cerney,  details  of  which 
were  communicated  to  me  in  1888  by  Prof.  E.  Kinch,  proved  the 
following  strata : — 


Gravel  -  -  . 

f  Sandy  clay         -  -  - 

Calcareous  sandstone   - 
Sandy  clay        -  -  - 

Blue  clay  ... 

Blue  sandy  clay 
Calcareous     sandstone     with   Ostrea 

Terebratula,  Lignite 
Shelly  marl        ... 
Calcareous  clay 
Fine  sand  (yielding  water) 
Blue    calcareous     sandstone    passing 

down  to  pure  clay    • 


Oxford  Clay 

and 

Kellaways 

Beds  (75 

feet  P) 


< 


Ft. 

Tn 

-    18 

0 

.    31 

0 

-      2 

0 

-      3 

0 

.    15 

0 

-    21 

0 

If 
-      8 

0 

-      6 

0 

-      7 

0 

-      3 

0 

.    10 

1 

124 

0 

The  Kellaways  Rock  forms  in  places  a  well-marked  feature, 
which  may  be  traced  to  the  south  of  Sharncott,  as  w^ell  as  near 
South  Cerney.  It  extends  northwards  towards  Shells  Grove  and 
Worms  Farm,  Siddington  St.  Peter,  where  sections  (opened  for 
brick -yards)  showed  ochreous  sand  and  sandy  clay,  restinpf  on  stiffer 
clay  with  septaria  and  small  specimens  of  Gryphcea.  The  fossils 
at  these  localities  are,  many  of  them,  poorly  preserved. 
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The  brickyard  to  the  east  of  Shells  Grove  showed  blue  sandy 
clay,  from  which  Mr.  Rhodes  obtained  the  following  specimens  :— 


Ammonites  (fragment). 

Area. 

Avicula  inaaqmyalyis. 

Cardiiim. 

Gryphsea. 

Modiola. 


Myacites  recurvus. 

Nncula. 

Ostrea  (with  markings  of  Tri« 

gonia). 
Pec  ten. 
Cmstacean  (claw). 


Kellaways 
Beds. 


Higher  beds  of  Oxford  Clay  were  exposed  in  the  brickyard  a 
little  north  of  Cerney  Wharf,  where  brown  and  purple  shaly  clay, 
ferruginous  in  places,  was  exposed  to  a  depth  of  about  15  feet. 
Small  Ammonites  and  Belemnites  occur  here ;  and  Mr.  Rhodes 
obtained  Alaria  trifida^  Avicula^  and  Lucina.  Fine  crystals  of 
selenite  are  found  in  the  Oxford  Clay  at  Ash  ton  Keynes. 

The  occurrence  of  a  small  faulted  tract  of  Kellaways  Beds  at 

Lewis  Lane,  Cirencester,  has  been  recorded  by  Prof.  Harker ; 

the  beds  were  proved  in  a  well-boring,  as  follows* : — 

Ft.  Ik. 

Made  ground      -            -.           -           -  7  0 

Gravel     -            -           -            -            -  12  0 

*  Fine  sand            -            -            -            -  2  0 

-<  Dark  brown  clay            -            -            -  1  6 

L  Blue  clay            -            -           -           -  22  10 

Combrash. 

Specimens  of  Ammonites  macrocephalus,  Belemnites  Oweni, 
Avicula  incequivalvis,  Modiola  bipartita,  Myacites  recurvus,  Ostrea 
(or  Gryphcea),  Terebratula  intermedia't  and  Waldheimia  ornitho- 
cephala,  were  identified  by  Mr.  G.  Sharman  from  specimens  collected 
by  J.  H.  Taunton.     Many  small  concretions  uccurred  in  the  clay. 

Shallow  sections  of  Oxford  Clay  were  opened  up  along  the 
railway  near  Cricklade,  and  again  the  clay  was  shown  in  cuttings 
between  Woodwards  Bridge  and  Elbro  Bridge,  near  Haydon, 
south-east  of  Little  Blunsdon. 

A  furze-covered  sandy  hill  near  the  Foss  Farm,  south  of 
DriflSeld,  was  considered  by  John  Bravender  to  indicate  the 
Kellaways  Rock  ;t  and  it  is  probably  developed  in  the  ridge 
south  of  Poulton  Farm  and  the  old  Church.  Many  fossils, 
including  bones  of  Cimoliosaurus,  were  formerly  obtained  from  the 
brickyard,  east  of  the  Farm,  where  the  basement  Oxfordian  clays 
were  exposed. 

Prof.  Phillips  described  and  figured  under  the  name  of 
Ammonites  superstes  a  portion  of  a  "  Cordate"  Ammonite  from 
Minety.  This  mu^t  have  come  from  the  Oxford  Clay,  though 
noted  by  him  as  from  KimeriJge  Clay.  J 

One  of  the  best  sections  of  the  Oxford  Clay  in  Wiltshire  was 
that  furnished -in  a  deep  well-sinking  at  Swindon,  made  in  1883- 
85,  by  the  Great  Western  Railway  Company  under  the  direction 
of  Captain  William  Dean.  The  Oxford  Clay  and  Kellaways 
Rock  were  shown  to  have  a  thickness  of  572  feet  9  inches,  the 
details  of  the  strata  being  noted  by  Messrs.  W.  H.  Stanier,  A.  R. 

*  Pri)c.  Cottcawold  Club,  vol.  x.  p.  187. 
t  S.  P.  Woodward.  Ibid.^  vol.  i.  p.  4. 
I  Geol.  Oxford,  pp.  332,  333. 
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Elliott^  and  myself.     A  full  account  being  elsewhere  published,* 
it  is  only  needful  here  to  give  the  following  summary : — 

^     Ft.   In. 
Corallian  Beds.  *^ 

relay  with  shaly  and  marly  beds,  sep-  \   j^^    , /n 
taria,  and  occasional  gritty  bands   J 
Oxford  Clay     •{  Clay  with  bands  of  septaria,  lami-  "j 

nated,    bituminous,     and     shelly  [•     43      9 
clays  and  shales.  J 

^Laminated    and    shelly     clays    with 
occasional    septaria     and     greenish 
calcareous  sands  and  sandstone        -    49      0 
Dark  grey  laminated  clay,  shelly  in 

places  -  -  -  -    12      4 

Grey  gritty  rock  and  sand  (at  junction 
with  Oornbrash)         -  -  -      0    10 

672      9 


Kellaways 
Beds. 


A  large  collection  of  fossils  was  made  from  the  Oxfordian  beds, 
these  were  identified  by  Mr.  E.  T.  Nowtou,  and  they  are 
tabulated  in  the  accompanying  list.  More  detailed  references  to 
the  depth  of  some  of  the  specimens  would  have  been  valuable. 
Broadly  speaking,  however,  the  record  furnishes  evidence  of  the 
Kellaways  fauna  at  the  base,  and  of  the  incoming  in  succession  of 
the  *'  ornatus  "  and  "  cordatus  "  types  of  Ammonites  ;  and  it  is 
satisfactory  to  find  that  the  ordinary  succession  of  Ammonite-forms 
is  maintained,  even  if  the  species  are  not  limited  to  the  often 
rigid  and  therefore  unnatural  definitions  of  a  zone. 

Thus  ill  the  upper  288  feet.  Ammonites  cordatus  and  A,  cordatus  var. 
excavatus  are  met  with.  This  division  would  therefore  correspond  with 
the  "corner ^i*«.clays,''  although  the  two  Ammonites  occur  a  little  lower 
down,  together  with  other  species. 

In  the  next  220  feet,  A*  crenatusy  A.  Duncani,  A.  Jason.  A.  Kamigi, 
A.  Lamherti,  A.  Marice,  and  A.plicatilis  occur :  the  last-named  a  Corallian 
form  !  This  division  no  doubt  represents  the  "  ornatus-clajfi "  of  the 
Lower  Oxfordian.  In  the  next  18  feet  we  find  A.  Jason  var.  Chdielmi, 
and  A.  calloviensis.  The  lowest  44  feet,  comprising  alternations  of  clays, 
sands,  and  sandstones,  yielded  A.  Kcenigi,  A.  Baker Ub,  and  A,  modiolaris, 
found  also  biglier  up;  likewise  A.  gowerianus.  The  last-named  two 
species  are  usually  regarded  as  Callovian  forms. 

The  development  of  sandy  beds  at  the  base  of  the  Oxford  Clay  is 
interesting.  On  lithological  evidence,  about  44  feet  may  be  assigned  to 
the  Kellaways  Kock  ;  but  if  we  consider  Ammonites  calloviensis  to  belong 
exclusively  to  this  rock,  then  at  least  18  feet  more  may  be  grouped  with 
the  Kellaways  division.  The  evidence,  however,  agrees  with  that 
furnished  in  other  localities,  that  the  Kellaways  Rock  is  but  an  irregular 
and  impersistent  sandy  basement-bed  of  the  Oxford  Clay,  locally 
fossil  iferous. 

Palseontologically  the  beds  may  roughly  be  grouped  as 
follows : — 


F£ET. 


niies  cordatus.    \     A.  perarmatus     -  -  -  .    300 


Zone  of  AmmO"  /  A .  cordatus,  A.  cordatus  var.  excavatus  and 

L.  p 

fAm.  Lamberti,  A.  crenatus,  A.  Duncani, 
Zone  of         J      A.  hecticus,  &c.  .  -  -  .     100 

A.  onuitus.       I  A.   Jason,  A.    Bakerise,   A.    Mariso,    A. 

L     Kcenigi,  A.  modiolaris,  &c.         -  -    110 

Zone  of  fA.   calloviensis,  A.  gowerianus,   and  A. 

A.  calloviensis.    \     modiolaris  -  -  -  -      62 


♦  Quart.  Joam.  Geol.  Soc,  vol.  xlii.  p.  2^7. 
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Depths  io  Feet. 

4'L 

^ki 

LiK  of  FoMils  from  (fae 

'Si 

OxfordiRD  Ikds  of  SwiDdon.     5S9 

611 

611 

822 

268 

1 

111 

h" 

£28 

510 

SIC 

288 

Ammoui.os  Bakeriie 

^ 

1 

- 

861-682 

var.  flucmonus   - 

Mlloviensis     - 

511..5S8 

cordalui 

to  838 

31S 

814-868 

DuncMU 

. 

33S^11 

- 

-      '      - 

688-344 

heclicuB 

- 

3BG 

, vnr.  luQuIn 

362 

Jwon 

- 

3SS-530 

Tar.  Gulielmi      - 

870-317 

KiBoif-i 

- 

- 

804-897 

mttcroctpholiis 

804-336 

Maria. 

436 

313-550 

llt-"t 

—  pUcBtiiis; 

386-333 

n-eni 

snlcatuB 

Sjiutiliia  hfxikgonus 

AcUcon  reliifiu 

-         I         K         1 

Aiariatr-fida 

Orilhiuni  DanionlB 

inuricatiim      - 

sp.      . 

Pleiirotomiina  roticiilata     - 

,  ip.     - 

' 

AsIHile  cariiinta     - 

Avicola  oralia 

1 

.  innjquiTBlvia  - 

Csrdium,  sp. 

X        1 

Corbula,  »p. 

"      1 

GoDiomva  v.-ncripta 

GryphKa  -lilaiata 

- —  bilobiila 

' 

iMjc-irdia  minima   - 

Leda  PhilHpsl 

i 

Moilicln  bipanila   - 

X 

I 

,  »p.     - 

Myadte*  recunoa  - 

X  j  : 

Kuoiila  omata 

Ostrrn,  up.  - 

rcclcn,  sp.- 

1'einanirtiloi.UB     - 

j 

PiniiB  mitis 

Plicatula?  - 

riioladomja  aeutiewta       - 

paucko^la      -            -  1      ? 

" 

1              \ 

sp.      -            -            -  j      - 

_1_ 

" 

" 
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Depths 

in  Feet. 

List  of  Fossils  from  the 

Oxfordiao  Beds  of  Swindon. 

529 

512 

322 

288 

1 

to 

to 

511 

to 

(0 

to 

572 

528 

510 

510 

288 

Thracia  depressa         ... 

X 

^ 

m 

^ 

X 

Trigonia  irregularis    -            -            - 

X 

? 

- 

- 

- 

X 

Unicardium,  sp.           -            -            - 

■• 

• 

- 

. 

X 

lihjnchonella,  sp.       - 

- 

- 

X 

Serpula  tetragona       ... 

X 

. 

- 

m 

. 

X 

Anabacia  complanata 

" 

m 

X 

e    82428. 
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CHAPTER  IV. 

Oxford  Clay  and  Kellaways  Rock. — (Local 

Details — continued.) 

Cricklade^  Bampton^  and  Woodstock, 

From  Cricklade  to  Lechlade  and  Bampton  we  follow  the 
broad  vale  of  Oxford  Clay,  that  borders  the  Thames  onwards  to 
the  neighbom'hood  of  Oxford.  The  full  thickness  of  the  formation 
may  be  between  500  and  600  feet,*  but  it  diminishes  in  the 
direction  of  Oxford.  To  the  north-east  of  Bampton  and  near 
Curbridge  Common,  we  find  rising  ground  that  is  suggestive  of 
the  Kellaways  Rock,  but  there  are  no  sections  to  show  the  strata. 

On  the  west  side  of  Aston  Sheep  Common,  east  of  Bampton, 
an  excavation  for  a  brickyard  displayed  bluish-grey  and 
yellowish  clay  to  a  depth  of  about  8  feet.  Large  specimens  of 
Gryphcea  dilatata^  and  Belemnites  aripistilhim  occur.  G.  dilatata 
was  met  with  beneath  the  Alluvium,  at  Fyfield  Marsh  on  the 
south  side  of  the  Thames,  as  I  was  informed  by  Mr.  James 
Parker. 

Outliers  of  Oxford  Clay  occur  in  Wychwood  Forest,  and  beds 
of  grey  shaly  clay  have  been  worked  for  brick-making  on  the 
west  side  of  Leafield.  To  the  east  of  Combe,  near  Woodstock, 
there  is  also  a  brickyard,  but  the  beds  do  not  appear  fossiliferous. 
The  higher  grounds  here  have  in  places  thin  coverings  of  gravel 
with  quartz  and  quartzite  pebbles.  The  elevated  tract  of 
Ramsden  and  Finstock  Heaths  in  Wychwood  Forest,  affords  an 
extensive  view  of  the  country ;  and  there  the  Oxford  Clay  is  capped 
with  sand  and  gravel.  It  is  possible  that  sandy  beds  belonging  to 
the  Kellaways  division  may  also  occur  at  some  of  these  localities,  f 

On  the  new  branch  railway  to  Woodstock,  the  Kellaways  Beds 
were  shown  at  one  spot,  above  the  Cornbrash,  as  follows : — % 


Kellaways 
Beds. 


Cornbrash. 


Ft.  In. 

nPine  yellow  and  grey  sands      -  -      6      0 

Dark  blnish-grey  clay,  and  stiff  mottled 
grey  and  brown  clay  with  **  race " 
in  the  lower  part ;  and  much  f erru- 
^inons  matter  at  the  base      •  -    10      0 

Thm  layer  of  sand  overlying  seam  of 
clay     -  -  -  -  -      0      5 


Witney  to  Oxford, 

In   the  neighbourhood  of  Oxford  the  full   thickness  of  the 
Oxfordian  Beds  may  be  450  feet.     I  judge  this  to  be  the  case 

*  Greater  thicknesses  have  been  assigned  by  Phillips,  Geol.  Oxford,  p.  298  ;  and 
HuU,  Explan.  Hor.  Sec.  (Geol.  Surrey),  Sheet  59,  p.  3. 
t  See  also  Hull,  Geol.  Woodstock,  p.  26. 
X  ?ee  Memoir  on  the  Lower  Oolitic  Rocks  of  England,  p.  303. 
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from  drawing  a  diagram  section  from  Burford  through  Witney 
and  Wytham  Hill  to  Oxford.  (See  Fig.  22,  p.  44.)  There  are  four 
borings  to  guide  one  in  drawing  a  section,  although  an  exact 
interpretation  of  the  records  of  these  borings  is  not  possible. 

Details  of  the  Burford  boring  have  been  previously  published — the  site 
of  it  was  about  350  feet  above  sea-level.* 

Details  of  a  boring  at  the  County  Police  Station,  Witney,  made  in 
1883-84,  by  Mr.  Edward  Margrett  (of  Beading),  were  communicated  to 
me  by  Mr.  J.  H.  Blake.  The  boring,  situated  about  300  feet  above  sea- 
level,  was  carried  to  a  total  depth  of  270  feet,  and  the  strata  passed 
through  are  of  sufficient  interest  to  be  recorded  in  detail.  They  may  be 
grouped  (though  not  without  doubt)  as  follows  : — 


Witney  Bokikg. 

Thickness. 

Depth. 

Ft.     In. 

Fi.    In. 

Com  brash  and  1 
Forest  Marble  ^ 
43  ft. 

Shaft  (cylinders,  &o,)  query  strata - 
Kock  and  clay           ... 

25      6 
17      6 

43    0 

^Shelly  rock   .... 

2      6 

45    6 

Blue  clay       -           .           .            . 

0      6 

46    0 

Rock 

3      0 

49    0 

Blue  clay       .            .            .            - 

0      3 

49    3 

Grey  rock      .... 

1      9 

51    0 

Clay  and  sand  (with  a  little  water)  - 

0      8 

51    3 

Grey  rock     .... 

2      0 

53    3 

Clay  and  sand           ... 

0      6 

53    9 

Grey  rock     .... 

0      3 

54    0 

Green  day    .            .            -            - 

1      6 

55    6 

Hard  rock  with  crystals 

6      0 

60    6 

Blue  clay       .... 

0      3 

60    9 

Blue  rock      -           .           -           - 

7      9 

68    6 

Blue  clay       .           .            -           - 

0      3 

68    9 

Eock-           .            .            .            - 

6      9 

75    6 

Blue  clay       .... 

2      0 

77    6 

Great  Oolite 

Bock  -            -            .            -            . 

3      0 

80    6 

and 

Rubble          .            .            .            - 

2      0 

82    6 

Stonesfield    < 

Blue  rock      .... 

5      0 

87    6: 

Beds 

Blue  clay      -            .           -            - 

4      0 

91    6 

141  ft.  6  ins. 

Gravel           .... 

0      6 

92    0 

Rubble  clay  -            -           -            - 

5      6 

97    6 

Hard  rock     -            .           •            - 

4      0 

101    6 

Black  clay     .... 

1      0 

102    6 

Green  clay    .           .           -           - 

5      0 

107    6 

Freestone      -           .           .           - 

2      6 

no   0 

Blue  clay      -            .            -            - 

4      0 

114    0 

Rubble  clay  -           -           -           - 

1      6 

115    6 

Blue  clay       .           -           -           . 

3      0 

118    6 

Soft  rock       .... 

2      6 

121    0 

Blue  clay       .            -           -           - 

8      6 

124    6 

Hard  rock  in  layers  (P  laminated)   - 

1      6 

126    0 

Green  clay    .           -           .            - 
Black  rock    -            -            -            - 

2      6 

128    6 

1      9 

130    :i 

Blue  clay      .... 

3      3 

133    6 

Rock-            .            .            .            - 

2      0 

135    6 

Blue  clay      .           -           .           - 

3      6 

139    a 

Hard  rock     -            .            -            - 

0      6 

139    tf 

Blue  clay      -            .            .            - 

4      0 

143    6 

*  See  Memoir  on  the  Lower  Oolitic  Bocks  of  Bngland,  p.  37S. 
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1 

Defth; 

'ft. 

In. 

Ft.    Ik. 

Hard  rock     -            -            •            -  J      1 

0 

144    6 

Blue  clay 

3 

0 

147    6 

Rubble  rock  - 

1      1 

9 

149    3 

Blue  clay 

4 

0 

153    3 

Hard  rock 

0 

3 

153    6 

Blue  clay 

•2 

1 

3 

155    9 

Hard  rock     ■ 

!      7 

9 

163    6 

Black  clay     ■ 

j      1 

3 

164    9 

Soft  rock 

12 

6 

177    3 

Black  clay     - 

1 

6 

178    9 

Hard  rock     • 

2 

3 

181    0 

Brown  clay 

3 

6 

184    6 

Inferior  Oolite 

'  Hard  rock 

1 

6 

186    0 

Series 

Freestone  with  hard 

veins    - 

26 

6 

212    6 

30  feet. 

.  Blue  clay  and  sand  < 

2 

0 

214    6 

"Black  rock     - 

4 

G 

219    0 

Clay  - 

1 

6 

220    6 

Black  rock    - 

2 

0 

222    6 

Blue  clay 

1 

6 

224    0 

Lias           i 
55  ft.  6  ins.    ^ 

Rock  and  clay 
Clay  . 
Rock  - 

13 

16 

2 

0 
0 
0 

237    0 
253    0 
255    0 

Light-coloured  clay 

9 

0 

264    0 

Clay  . 

3 

0 

267    0 

Hard  rock 

1 

0 

268    0 

Sand  (water  bearing) 

0 

1      "" 

Tota 

1  depth 

•                                  m 

270 

i 

0 

— 

The  water-level  was  5  ft.  6  ins.  below  the  surface. 

A  boring  at  Wytham  was  made  in  1829,  it  was  situated  a  little  west  of 
Whitenham  Lodge  ;  near  by  Wytham  Hill  rises  to  a  height  of  about  540 
feet.     This  boring  proved  tne  following  beds : — 


Alluvial  Beds, 

15  feet. 

Oxford  Clay 

and 

Kellaways 

Rock, 

258  feet. 

Combrash. 

Forest  Marble. 

Great  Oolite. 

Inferior  Oolite. 

Upper  Lias. 

Middle  Liaji. 
Lo^er  Lias. 


r  Loamy  ground  (/;             -  -  - 

[Quicksand  (2)       -            -  -  - 
rClunch,  &c.  {3-20) 
I  Dark  blue  rock  (2/) 

IDark  parting  cluncb  (i?;?)  .  .  . 

Dark  blue  rock  (25)           .  -  - 

j^Dark  clunch  (2.;)  -  -  - 
7  Strong  blue  rock  with  partings  of  cluncb,  1 

I     (25-^9).  ; 
Grey  rock  and  clunch  (30-3£) 
Light  rock,  &c.  iSS-49)     - 

Kock  (50)              -             -  -  . 

Mingled  ground  (5/-5J)    -  -  - 

{Ironstone  (J6)       -            -  -  1 

Clunch  mixed  nith  ironstone  (.^/wJ*?)  -  V 

Dark  clunch  (J9)  •            -  -  -  J 


Ft. 

Ix. 

12 

0 

3 

0 

240 

0 

3 

6 

0 

C 

2 

6 

il 

6 

19 

0 

24 

6 

96 

0 

35 

6 

14 

6 

170 


633       0 


Full  details  of  this  boring  have  been  published  by  John  Phillips,  and 
the  numbers  above  given  in  brackets  refer  to  the  strata  recorded  by 
him.*     The  age  of  the  beds  has  also  been  discussed  by  Prof.  Prestwichjf 

♦  Geol.  Oxford,  p.  296. 

t  Geological  Conditions  affecting  the  Water  Supply  to  Houses  and  Towns,  Oxford, 
1876y  p.  29 ;  Geol.  Mag.  1876,  p.  237 ;  see  also  H.  B.  Woodward,  Lias  of  England 
and  Wales,  pp.  230,  269. 
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who  states  that  no  specimens  were  preserved.  The  above  grouping 
differs  in  some  respect  from  that  of  Prof.  Prestwich.  I  take  the  •*aark 
blue  rocks  "  (21  and  23),  to  indicate  the  presence  of  the  Kellaways  Beds, 
although  no  exposures  of  this  sub-division  hare  till  recently  been  noticed 
in  the  area.  I  have,  however,  seen  evidence  of  the  beds  in  the  railway 
near  Woodstock,  and  also  near  Bicester;  while  their  presence  near 
Kirtlin^ton  was  suggested  by  Phillips,  from  the  occurrence  there  of 
Ammonttes  Kcenigi* 

The  boring  at  St.  Clement's  Brewery,  Oxford,  was  made  in  1836,  and  is 
said  to  have  passed  through  265  feet  of  strata  belonging  to  the  Oxford 
Clay,  and  135  feet  of  strata,  grouped  generally,  with  the  Great  Oolite.f 

Oxford  city  is  for  the  most  part  built  on  valley-gravel,  which 
lies  irregularly  on  the  Oxford  Clay.  The  brickyards  in  the 
neighbourhood  show  chiefly  the  upper  and  middle  portions  of  the 
Oxford  Clay.  The  upper  beds  may  be  seen  in  pits  between 
St.  Bartholomew's  and  St.  Clement*i?,  north  of  Cowley  Marsh, 
where  I  obtained  Ammonites  vertebralis^  Belemnites  excentricus^ 
B,  Oweni,  and  Grj/phcea  dilatata.  Other  species  from  this 
locality  in  the  Oxford  Museum,  and  In  the  collection  of  Mr. 
James  Parker,  include  Ammonites  cordatus,  A.  Lamberti^  Belem" 
nites  hastatus,  B,  sulcatus,  Rhynchonella  varians,  Pentacrinus 
Fisheri ;  also  Aster  acanthus  find  Hybodus,  Saurian  and  Crusta- 
cean remains  {Glyphea), 

Other  sections  have  been  opened  on  the  Marston  Road,  and 
again  at  Pear-Tree  Hill,  on  the  Woodstock  Road. 

At  Summertown,  north  of  the  city,  there  is  an  immense  pit, 
where,  beneath  8  or  10  feet  of  valley-gravel,  the  Oxford  Clay, 
consisting  of  bluish-grey  or  lead-coloured  clay  with  occasional 
scattered  scptaria,  has  been  dug  to  a  depth  of  about  40  feet. 
The  clay  is  slightly  calcareous  and  many  of  the  Ammonites  are 
pyritized.  Ammonites  cordatus  occurs  in  the  upper  part,  together 
with  GryphcBa  dilatata,  and  lower  down  we  find  A.  Duncani, 
A,  Lambertij  Belemnites  hastatus^  B,  sxdcatus,  &c.  Some  of  the 
septaria  contain  lignite.  I  also  obtained  Ammonites  calloviensis, 
A.  macrocephalus,  A.  JVilliamsoniy  and  Nucula  ornata.  It  would 
thus  seem  from  the  evidence  of  the  fossils,  that  portions  of  the 
chief  zones  of  the  Oxford  Clay  are  here  represented  . 

The  occurrence  of  fossils  belonging  to  the  three  main  zones  is 
confirmed  by  specimens  in  the  Oxford  Museum  and  in  the  collec- 
tion of  Mn  Parker.  These  include,  in  addition  to  some  of  those 
mentioned  above.  Ammonites  athleta,  A.  crenattis,  A.  gowerianuSy 
A,  Jason,  A,  Mari<By  (Sic.J  No  doubt  the  beds  at  Summertown 
should  be  grouped  mainly  as  the  zone  of  Ammonites  ornatus — 
regarding  that  as  a  general  palsBontological  horizon. 

North-east  of  Wolvercot  there  is  another  very  large  pit  showing 
30  to  40  feet  of  Oxford  Clay,  with  gravel  on  top,  similar  to  the 
section  at  Summertown.     The  septaria  are  scattered,  there  being 


*  Quart.  Jouru.  Geol.  Soc,  vol.  xvi.  p.  117. 

t  See  notes  attached  to  Geological  Map  of  the  Environs  of  Oxford,  by  Andrew 
D.  Stacpoole,  1848  ;  Geology  of  parts  of  Oxfordshire  and  Berkshire,  by  Hull 
and  Whitaker,  p.  5 ;  and  H.  B.  Woodward,  Lower  Oolitic  Rocks  of  England,  p.  518. 

X  See  also  Phillips,  Geol.  Oxford,  p.  304. 
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no  conspicuous  band  of  them.  Among  the  fossils  Gryphcea  dila- 
tata  and  Belemnites  sulcatus  are  most  abundant.  Ammonites 
calloviensis  also  occurs. 


Oxford  to  Buckingham. 

From  Oxford  the  Oxford  Clay  continues  in  a  broad  vale 
through  Otmoor  and  between  Bicester  and  Quainton  to  Steeple 
Clajdon  in  the  neighbourhood  of  Buckingham,  where  we  enter  a 
region  in  wliich  the  beJs  are  largely  concealed  by  Drifts. 

The  brickyard  south  of  the  Bicester  railway-station  showed 
12  feet  of  dark  blue  and  grey  shaly  clay  with  selenite  (''isinglass" 
of  workmen)  and  pyrites ;  covered  by  2  feet  of  yellowish  sandy 
loam  and  sand.  These  clays  and  the  overlying  sandy  beds,  ' 
resembling  those  seen  on  the  Woodstock  railway  and  at  Akeley 
brickyard  north  of  Buckingham,  evidently  belong  to  the  Kella- 
ways  Beds.  The  sand  was  formerly  du^  for  mortar-making,  and 
is  now  mostly  worked  out.  Rock  (Cornbrash)  was  reached  a  foot 
below  the  base  of  the  pit.*  Red  bricks,  tiles,  and  drain-pipes  are 
manufactured.  Formerly  17  or  18  men  were  engaged  at  the 
brickyard  :  at  the  time  of  my  first  visit,  in  1886,  only  one  man 
was  employed!  Pressed  bricks  that  are  machine-made,  as  at 
Peterborough  and  other  places,  take  away  the  trade  from  the 
smaller  brickyards,  which  will  in  time  most  probably  be  abandoned, 
to  the  serious  loss  of  geologists. 

To  the  south-east  we  find,  at  Ambrosden  and  Blackthorn  Hill, 
an  inlying  mass  of  Cornbrash — one  of  a  geries  of  inJiers  that  range 
from  Islip  in  a  north-easterly  direction. 

South-east  of  Fringford  there  is  a  brickyard  in  the  Oxford 
Ciay;  and  clay  was  proved  to  a  depth  of  50  feet,  without 
reaching  the  bottom,  aoout  a  quarter  of  a  mile  further  south. 
About  1^  miles  south-east  of  Groddington  Church,  Prof.  Green 
noted  beds  of  pale  calcareous  and  slightly  concretionary  clay 
yielding  the  following  fos;:'ils,  which  were  determined  by  Mr. 
Jfitheridge : — t 

Ammonites  cordatus       [        Astartc  carinata. 


Elisabethas. 
•  Jason. 


Avicula  ovalis. 

InoceramuB. 

Lncina. 


North-west  of  the  railway-station,  at  Quainton  Road,  a  brick- 
yard on  the  west  side  of  the  railway,  showed  about  10  feet  of 
grey  marly  clay  becoming  bluish  grey  below,  with  slightly 
indurated  marly  bands,  and  decomposed  pyritic  nodules.  All 
sorts  and  conditions  of  Gryphma  dilatata,  broad  and  narrow 
varieties,  were  very  abundant.  Red  bricks,  tiles,  and  drain- 
pipes are  here  manufactured. 


*  See  also  Green,  Geol.  Banbury,  p.  40 ;  and  Proc.  Geol.  Assoc,  vol.  xiii.  p.  71. 
t  Geol.  Banbury,  pp.  40,  41. 
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Prof.  Green  has  recorded,  from    *' Quainton,*'  the  followii^ 
fossils : — 

Ammonites  canaliculatns. 
—  Duncan  i. 
Belemnites  hastatus. 


Gryphaea  dilatata. 
Nuciila  elliptica. 
Pecten  fibrosas. 
Pinna  mitis. 


Alaria. 
He  has  also  recorded  from  Ludgarshall : — * 


Ammonites  oordatus. 

Lamberti. 

—  Mariae. 


Belemnites  abbreviatas. 
Gryphaea  dilatata. 
Modiola  bipartita. 

He  mentions  that  Oxford  Clay  was  exposed  in  the  two  railway«-^ 
cuttings  south-east  of  Buckingham  station  ;  and  that  in  a  brick- 
yard near  Padbury  Mill,  dark  blue  shaly  clay,  with  septaria  and 
nodules  of  limestone,  was  to  be  seen.  From  Padbuiy  he  obtained 
Ammonites  calloviensis,  A.  Jason,  Belemnites,  &c.  So  that  in  the 
vale  from  Bicester  to  Buckingham  we  have  evidence  of  the  zone 
of  A.  calloviensisy  followed  by  those  of  A.  ornatns  and  A. 
cordatics, 

Winslow  and  Fenny  Stratford. 

To  the  north-east  of  Quainton  and  Steeple  Claydon,  we  enter 
a  region  where  the  upper  boimdary  of  the  Oxford  Clay  is  marked^ 
on  the  Geological  Survey  Map,  as  "  wholly  conjectural,''  This 
applies  to  the  country  south  of  Winslow  and  near  Stewkley,  and- 
is  due  partly  to  the  concealment  of  the  strata  by  Drift,  and  partly 
to  the  disappearance  of  the  Corallian  rock-beds.  Nor  is  the 
lower  boundary  of  the  Oxford  Clay  to  be  traced  with  great 
certainty  considering  that  from  Goddington,  by  Gawcott  and 
Padbiury  near  Buckingham,  onwards  to  the  north  of  Whaddon 
Chase,  and  by  Little  Woolston,  to  the  south  of  Newport  Pagnell^ 
the  jimction  with  the  Cornbrash  is  "  everywhere  hidden  by 
Drift." 

The  higher  boundary  with  the  Kimeridge  Clay  will  be  more 
particularly  discussed  in  the  chapter  on  Corallian  rocks,  for  there 
is  evidence  that  those  beds  are  represented  mainly  by  argillaceous 
strata  in  the  country  extending  from  Quainton  to  Ampthill,  and 
the  neighbourhood  of  St.  Ives. 

At  Akeley  brickyard,  to  the  north  of  Buckingham,  as  men- 
tioned previously,  there  is  evidence  of  the  Kellaways  division,  and 
it  is  interesting  to  find  that  Prof.  Green  noted  Ammonites  Kcenifft 
from  this  exposure,  t 

Keferring  to  the  outliers  at  Akeley  and  east  of  Leckhampstead^ 
which,  excepting  near  the  brickyard  just  mentioned,  were  coloured 
as  Cornbrash  on  the  Geological  Survey  Map,  Prof.  Green 
remarks,  "  The  ground  on  which  these  two  outliers  lie  is  high 
enough  to  leave  room  for  a  capping  of  Oxford  Clay.  No  sections, 
however,  were  obtjiined  to  prove  the  presence  of  this  formation, 


*  Geology  of  Banbury,  pp.  42,  45. 

t  Ibid.f  p.  41 ;  see  also  Memoir  on  Lower  Oolitic  Kocks  of  England,  p.  450. 
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and  all  the  evidence  seemed  to  ahow  that  the  drift  was  quite 
thick  enough  to  make  up  that  part  of  the  hill  which  lay  above  the 
outcrop  of  the  Cornbrash.  The  ground  has  been  therefore 
coloured  as  Cornbrash  all  over,  but  it  must  not  be  forgotton  that 
patches  of  Oxford  Clay  may  lie  upon  the  hill  tops  beneath  the 
drift  covering."*  It  is  therefore  interesting  to  learn  that 
recent  trial-boriugs  made  in  search  of  water  by  Mr.  Baldwin 
Latham  have  proved  that  Oxford  Clay  does  occur  beneath  the 
Drift  between  Maids  Moreton  and  Akeley. 

At  the  Old  Copse  brickyard,  north  of  Wicken,  in  AVhittlewood 
Forest,  there  was  a  section  showing  stiff  grey  clay,  covered  by  Drift 
The  clay  yielded  only  one  Serpula,  to  my  search,  but  in  general 
characters  it  resembles  Oxford  Clay.  The  bed  was  noticed  by 
Prof.  Green  as  dark-blue  shaly  clay  very  finely  laminated,  and  he 
stated  that  it  had  been  proved  to  a  depth  of  36  feet  without 
reaching  the  bottom.  While  grouping  it  with  the  Great  Oolite 
he  remarked  that  he  had  nowhere  eke  in  the  district  seen  Great 
Oolite  clays  of  the  same  nature  and  thickness.t  If  I  am  right 
in  classingf  it  with  the  Oxford  Clay  there  is  little  doubt  that  it 
must  occupy  a  faulted  tract. 

Again,  rather  more  than  a  mile  and  a  half  north-west  of  Akeley, 
a  boring  was  made  midway  between  Tile  House  Farm  and  Tile 
House  Wood,  by  Messrs.  Easton^  and  Anderson.     A  shaft  was 
sunk   21  i  feet,  and  the  rest  bored.     The  strata  passed  through 
were  as  follows : — 


BORIKG  NEAK  AKELEY. 

Thickness. 

Depth. 

Ft. 

Ik. 

Ft.  lN.r 

12.  Soil,  &c.          .            .            « 

7 

6 

■ 

Drift. 

/ 11.  Gravel   about  -            -            - 
\  10.  Bine  clay  about 
/  9.  Sandy  clay       -           .           - 
I  8.  Stiff  clay 

8 

6 

9 

0 

25    0 

Oxfordian. 

40 
25 

0 
0 

65    0 
90    0 

Great  Oolite  P    5.  Hard  stone      ... 

18 

0 

108    O', 

Upper  Estna- 
rine  Series. 

r  4.  Clay     .            - 
<    3.  Black  Stuff      - 
L  2.  Greenish  clay  ... 

22 

1 

10 

0 
0 
0 

130  0 

131  a 
141    0 

Northampton 

Beds  P  1.  Hard  stone  rock     - 

9 

0 

160    0 

There  is  considerable  difficulty  in  interpreting  this  record,  owing 
to  the  absence  of  beds  that  can  clearly  be  classed  with  the  Corn- 
brash and  Forest  Marble  or  Great  Oolite  Clay.  The  "  Hard 
Stone*'  is  too  thick  to  be  Cornbrash,  judging  from  the  local 
evidence,  and  the  underlying  clays  appear  too  thick  to  be 
included  with  the  Great  Oolite  Claj.  It  seems  to  me  not 
unreasonable  to  conclude  that  the  fault  observed  by  Prof. 
Green  to  the  north  of  Akeley,t  and  which  trends  in  a  north- 

*  Geol.  Banbury,  p.  35. 
t  Ibid.,  p.  22. 

%  Prof.  Green  has  given  a  diagrammatic  section  of  the  fault  nearer  to  Akeley, 
Geol.  Banbury,  p.  41. 
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weeterly  direction,  extends  to  Tile  House  Wood,  and  that  in  the 
boring  it  was  passed  through,  qb  shovn  in  the  accompanTing 
diagram-section. 


Diagran 


■section  near  Tile  House  Farm, 
of  Akeley,  Buckingham  thire. 


IJOifoniClay. 


In  a  brickyard  at  Tinker's  End,  Winslow,  there  was  exposed 
from  12  to  15  feet  of  bluish-grey  clay,  with  many  small  Ammonites, 
including  Ammonites  crenatfis.  A,  Duncani,  A.  Lamberti,  and 
A.  Maria  ;  also  Gri/phtea  ditatata,  Ostrea,  and  Serpida  Iricarinata, 
I  wa?  informed  that  fossils  are  mostly  found  deep  down  in  the 
pit,  those  near  the  surface  being  fragile  and  decayed.  2  or  3 
feet  of  irregular  sand  and  fine  gravel  occur  on  top  of  the  Oxford 
Clay.  Red  and  yellow  bricks,  tiles,  and  drain-pipes  are  manu- 
fiictured. 

A  well  sunk  in  the  market-place  nt  Winslow,  through  Diift 
and  Oxford  Clay,  reached  rock-beds  at  a  depth  of  238  feet. 
From  information  given  me  by  Mr.  W.  H.  Dalton,  it  is  probable 
that  Kcllaways  Rock  and  CDrnbrash  were  subsequently  penetrated, 
for  the  boring  was  carried  to  a  depth  of  279  feet. 

Between  Winslow  and  Great  Horwood,  there  was  a  brickyard, 
where  Prof.  Green  noted,  beneath  1  foot  of  Drift  Gravel, 
dark  blue  clay  with  Ammonites  Jason,  and  Gri/phaa  ililatata. 
He  observed  also  the  Oxford  Clay,  beneath  a  few  feet  of  gravel, 
in  the  brickpit  at  Swanbourn,  and  there  G.  dilalata  and  Ostrea 
gregaria  were  met  with. 

A  well  boring  jit  Bletchley  Junction  (1887)  was  carried  to  a  depth 
of  419  feet,  through  Boulder  Clay,  Oxford  Clay,  and  Kellaways 
Beds.  Saline  waters  were  met  with  in  the  Kellaways  Beds.  The 
chief  point  of  interest  connected  with  the  boring  was  the  finding  of 
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granitic  rock,  possibly  portions  of  pebbles  or  boulders  embedded 
in  the  Kellaways  Series.  This  granitic  rock  was  stated  to  occur  at 
depths  of  378  ft.  5  ins.  to  400  feet  and  at  depths  of  401  to  407  feet 
2  inches :  in  both  cases  being  underlaid  by  clay  of  Oxfordian 
character.*  Mr.  Cameron  assign?  a  thickness  of  54  feet  to  the 
Kellaways  Beds. 

It  may  be  mentioned  that  brackish  water  was  found  in  the  boring 
at  Brick-kiln  farm,  S.E.  of  Stony  Stratford,  at  a  depth  of  221 
feet ;  the  bed  reached  was  probably  Middle  Lias.t  The  thickness 
of  Oxfordian  Beds  at  this  spot  was  about  60  feet. 

A  brickyard  on  Watling  Street,  two  miles  S.E  of  Stony 
Stratford,  was  noted  many  years  ago  by  Mr.  Whitaker,  who 
observed  blue,  shaly,  and  bituminous  clay,  with  blue  phosphate 
of  iron,  and  much  selenite.  Pectcn  and  some  other  fossils  were 
found,  also  a  Belemnite  converted  into  selenite.  Combrash  was 
seen  to  crop  out  near  by,  so  that  the  clayey  beds  belonged  to 
the  basement  portion  of  the  Oxford  Clay. 

North  of  Little  Woolston,  the  following  section  was  noted  by 
Prof.  Green,  in  a  brick-pit : — 

Ft.  In. 

Gravel        -  -        -  -  -      1  0 

JBhie  clunchy  clay  -  -  -      8  0 

Yellow  ferrnginous  sand  -  -      0  6 


Beds. 


Blue  sandy  laminated  clay,  bored  into 
for        .  .  -  -  -    20      0 


Leigliton  Buzzard  to  Ampthill  and  Bedford. 

From  Leighton  Buzzard  onwards  to  Biggleswade  and  Potton 
the  upper  portion  of  the  Oxford  Clay  is  extensively  concealed  by 
coverings  of  Lower  Greensand  and  Gault ;  and  the  lower  portion, 
and  its  junction  with  the  Combrash,  from  Newport  Fagnell  by 
Newton  Blossomville  and  Carlton  Hill  to  Bedford,  is  much 
obscured  by  Boulder  Clay.  Many  brickyards  in  the  Oxford  Clay 
are  to  be  found  in  the  area;  as  near  WoDurn  Station,  Wavendon, 
Lower  Shelton,  Shelton  Green,  and  Woc>tton. 

The  Lower  Oxfordian  Beds  have  been  exposed  in  brickyards 
at  Tickford  End,  and  further  on  near  Caldecot  Mill,  to  the  S.E. 
of  Newport  Pagnell,  and  on  the  rojid  to  North  Crawley.  J.  H. 
Macalister  obtained  many  fossils  from  near  Newport  Pagnell, 
where  shales  with  occasional  stony  bands  and  septaria,  with 
lignite,  selenite,  and  much  pyrites, have  been  exposecl.J  Ammonites 
calloviensis  wns  obtained,  b\so  Alaria;  ?nd  higher  up  Ccritliium 
muricatum,  Ammonites  Jason,  and  many  compressed  Ammonites, 
have  been  found.  Prof.  Green  has  recorded  some  of  these  fossils, 
and  also  the  cccurrence  of  Saurian  bones. 

Gryphcea  dilatata  has  been  found  at  various  points  in  the  clay 
exposed  beneath  the  Woburn  Sands  (Lower  Greensand),   from 


♦  Hull,  Geol.  Mag.,  1887,  p.  139;  Jnkcs-Browne,  Geol.  Mag.,  1889,  p.  356; 
CameroD,  Ibid,  1892^  p.  69 ;  B.  Thompsoxi,  Journ.  Northamptonshire  Nat.  Hist. 
See,  vol.  ▼.  p.  20. 

t  See  Memoir  on  the  Lower  Oolitic  Rocks  of  England  p.  391. 
X  Geologist,  vol.  iv.  p.  214. 
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Bushmere  Pond,  north  of  Leighton  Buzzard,  to  near  Great  and 
Little  Brickhill.*  Prof.  Green  has  noted  that  at  the  brickyard 
near  Rusbmere  Pond  (Nares  Gladly),  the  GryphcBa  was  of  krge 
size  and  was  accompanied  by  Ammonites  cordatus,  Belemnites 
hdstatus^  and  Ostrea  gregaria^  in  some  abundance,  together 
with  Ammonites  anceps^  A,  Bakerice,  and  Serpula  tricarinuta. 
The  Oxford  Clay  is  no  longer  worked  at  this  locality,  loam  from 
the  Lower  Greensand  being  brought  from  a  short  distance  to  the 
Bushmere  brickyard.  Ammonites  BakericB  is  also  noted  from 
the  upper  beds  of  Oxford  Clay  at  St.  Ives  (p.  55). 

A  boring  made  about  half-a-mile  S.S.E.  of  Buttermilk  fiirm, 
near  Little  Brickhill,  was  carried  to  a  depth  of  133  feet,  through 
Lower  Greensand  into  Oxford  Clay. 

At  Fenny  Stratford  the  clay  has  been  worked  in  several  places 
beneath  the  valley-gravel,  and  many  fossils  have  been  obtained. 
Here  there  is  much  pyrites,  and  the  fossils  are  mostly  replaced  by 
it.  I  obtained  Ammonites  Jason  var.  Gulielmiy  Cerithittm 
muricatum,  Avicula,  Leda  Phillip siy  Nucula  omata,  and  Lignite. 

In  the  brickyards  at  Aspley  Guise,  where  Ammonites  crenatus 
ooours,  and  near  Ridgmont,  Mr.  Whitaker  observed  bands  of 
limestone  in  the  Oxford  Clay.  He  found  many  fossils  near 
Ridgmont,  including  Gryphcea  dilatata ;  and  at  Crawley  Kiln, 
between  Ridgmont  and  Husbome  Crawley,  there  was  much 
pyrites  and  also  selenite  in  the  clay. 

Here  we  approach  the  border-line  of  the  Oxford  and  Corallian 
(Ampthill)  Clays,  further  reference  to  which  \vill  be  made  in  the 
chapter  dealing  with  the  Ampthill  Clay. 

A  boring  at  the  Rectory,  Northill,  three  miles  north-west  of 
Biggleswade,   was    made   in    1877  by  Messrs.  Le    Grand   and 
Sutcliffe  ;  and  the  following  details  were  communicated  to  me  by 
Mr.  Whitaker : — 


Boeing  at  Nokthill. 


TmCKKESS. 


De^th. 


Boulder  Clay 


Oxford 

Clay. 


Green  Clay 

Blue  clay  - 

Blue  clay  and  shells 

Dark  green  clay    - 

Black  stone- 

Greenish  clay  and  shells 

Live  sand  - 

Sandy  blue  clay    - 

Sand  rock  - 

Blue  clay  and  shells 

Rock  and  blue  clay 

Limestone 

Sandy  blue  clay    - 

Blue  stone 

Sandy  clay 

Limestone  - 

Sandy  clay  and  stone 


Ft. 

In. 

Ft. 

In. 

104 

0 

12 

0 

116 

0 

10 

0 

126 

0 

9 

0 

135 

0 

13 

6 

14S 

6 

4 

6 

153 

0 

20 

0 

173 

0 

9 

0 

182 

0 

9 

0 

191 

0 

7 

4 

198 

4 

2 

6 

200 

10 

1 

9 

202 

7 

2 

8 

205 

3 

W 

0 

208 

8 

3 

6 

211 

9 

4 

10 

216 

7 

4 

0 

220 

7 

3 

0 

223 

7 

Tcall,  PottoD,  and  'Wicken  Fhosphatic  Deposits,  1875,  pp.  27,  43. 
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I  have  no  information  about  the  fossils,  bnt  it  is  not  improbable  that 
portions  of  the  upper  beds  grouped  with  the  Oxford  Clay,  may  represent 
the  AmpthiU  Clay,  and  be  of  Corallian  age. 


Bedford, 

The  country  around  Bedford  affords  some  fine  sections  of  the 
Kellaways  Beds,  to  which  attention  was  first  directed  by  Mr.  A, 
C.  G.  Cameron,  during  the  course  of  his  work  on  the  Geological 
Survey ;  and  I  had  the  advantage  of  his  guidance  in  visiting  the 
sections. 

As  in  other  tracts,  where  we  have  evidence,  in  AViltshire  and 
Oxfordshire,  the  mass  of  the  sandy  Kellaways  Rock  is  separated 
from  the  Combrash  by  clays,  sometimes  spoken  of  as  the  'Lower 
Oxford  Clay,'  but  more  properly  Kellaways  Clay,  that  attains  a 
thickness  of  from  7  to  10  feet,  and  can  in  places  be  distinctly  shown 
on  the  Geological  Survey  Map.  This  lower  clay  is  described 
hy  Mr.  Cameron  as  a  dark  clay  with  much  selenite  and  "  race." 

Good  sections  of  the  Kellaways  Beds  have  been  exposed  at  the 
Southend  Ballast  Pit,  beneath  the  valley-gravel,  on  the  south- 
west side  of  Bedford.*  Here  we  find  masses  of  concretionary 
sandstone  weathering  into  sand,  and  exhibiting  curious  fucoidal 
and  tubiform  markings.  White  and  brown  sands  with  similar 
concretionary  masses  of  stone,  were  shown  resting  on  clay,  and 
Combrash,  &c.,  in  the  brickyard  |  mile  north-west  of  West  End, 
Stevington.  Fine  sections  of  Kellaways  Rock  were  also  shown 
at  Howard's  brickyard,  at  Lodge  Hill,  south  of  Clapham,  and 
north- west  of  Bedford.  There  we  have  about  10  feet  of  stiff 
greenish-grey  clay,  and  brown  and  bluish-grey  loamy  sand,  with 
iron-pyrites  and  irregular  concretions  or  doggers  of  calcareous 
sandstone.  The  stone  contains  Myacites  recurvus  in  abundance, 
and  occasional  siielly  layers  witii  Gryphcea  bilobata  and  Belemnitcs, 

The  widening  of  the  Midland  Bailway  north  of  Oakley  Station, 
in  1889,  opened  up  a  fine  section  of  the  Kellaways  Beds,  which  I 
noted,  in  company  with  Mr.  Cameron,  as  follows : — 

Grey  and  brown  clay  passing  down  Ft.  In, 
into  dark  grey  clay  with  pyritic 
layers ;  Awmonites  (pyritic  and 
iridescent),  Belemnitea,  Uryplwca  hi- 
lohata.  Saurian  bones,  Lignite,  and 
occasional  nodules  of  shelly  stone  - 

Large  concretionary  masses  or  dog-1 
gers  of  grey-hearted  calcareous  J 
sandstone,  with  ochreous  coating, 
and  fucoidal  markings,  and  occa- 
sionally a  yellow  (eulphurous)  ef- 
florescence ;  Avicula  hicequivalvie, 
Oryphcea  hilohata,  Mycieitee  recurvus, 
Beiemnites  Oweni,  Arn'monitea,  and 
Lignite  -  -  -  . 

^  Yellow  grey  and  greenish  sands        -J 


Oxford  Clay 

and 

Kellaways 

Beds. 


15 


< 


J>  10      0 


*  I  was  informed  by  Mr.  Cameron  that  clay  from  the  cutting  at  Ampthill  has 
been  tipped  over  the  waste  ground  here. 
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Mr.  Cameron  has  noted  the  occurrence  in  these  beds  of  an 
indurated  seam  of  sandy  marl^  which  exhibited  the  structure 
known  as  "  cone-in-cone." 

The  bottom  sands  are  like  those  recently  exposed  in  the  cutting 
of  the  Woodstock  railway,  and  the  doggers  in  the  overlying  strata 
were  in  places  so  numerous  that  a  navvy  remarked  "  they  might 
have  been  used  as  stepping-stones  at  the  time  of  the  Flood." 
Some  of  these  huge  stones,  according  to  Mr.  Cameron,  mea^sure 
30  feet  in  circumterence :  others  are  united  so  as  to  form  twin 
stones  in  the  form  of  the  figure  8.* 

Mr.  Cameron  has  traced  an  outlying  maRS  of  Combrash, 
Kellaways  Rock,  and  Oxford  Clay  over  Yardley  Chase,  in  the 
neighbourhood  of  Yardley  Hastings.  It  is  interesting  to  learn 
that  Wm.  Smith  in  1819,  in  company  with  John  Phillips,  noted 
the  occurrence  of  Kellaways  Rock  further  north  near  Bozeat 
(Boziate  Hill)  where  they  found  Ammonites  modiolaris ;  and 
drew  a  section  showing  above  the  Cornbrash,  an  outlier  of  clay 
(Kellaways  Clay)  surmounted  by  Kellaways  Rock.t 

The  following  species  have  been  obtained  by  Mr.  Cameron, 
Mr.  J.  Rhodes,  and  myself,  from  the  Kellaways  Beds  near 
Bedford : — 


Ammonites  gowerianns. 

maorocephaluB. 

Ancyloceras  calloviense. 
Belemnites  Oweni. 
Avicnla  insequiyalvis. 

Munsteri. 

Gryphcea  bilobata. 


Myacites  recurviis. 

secariformis. 

Odtrea. 

Fecten  demissus. 
— —  lens. 
Trigonia. 


Bedford  to  Huntingdon  and  St.  Ives, 

The  Oxford  Clay  occupies  a  wide  area  to  the  north  and  east  of 
Bedford,  extending  over  much  of  Huntingdonshire,  into  the 
borders  of  Cambridgeshire ;  forming  the  foundation  of  the  greater 
part  of  the  Fenland,  and  appearing  in  islands  at  Ramsey,  Whit- 
tlesey, and  Thorney.  It  extends  into  Northamptonshire,  near 
Thrapston,  with  outlying  masses  between  Brigstock  and  Oundle. 
Over  great  part  of  this  area  it  is  thickly  covered  with  Drift, 
chiefly  Boulder  Clay,  and  there  can  be  no  more  tenacious  a  soil 
than  that  in  some  of  the  tracts  formed  of  Oxford  Clay  and 
Boulder  Clav. 

A  tiny  outlier  of  the  basement  or  Kellaways  Clay  overlies  the 
Cornbrash  in  a  faulted  tract  at  Stowe-nine-churches,  in  North- 
amptonshire :  the  section  was  noted  by  Mr.  Beeby  Thompson. f 
About  5  feet  of  blue  clay  was  seen,  but  no  fossils  were  obtained. 

Returning  to  the  main  mass  of  Oxfordian  strata  it  may  be 
mentioned  that  Kellaways  Beds  have  been  observed  by  Mr. 
Cameron  at  Risely ;  but  I  have  no  records  of  any  section  of  the 


*  Gcol.  Mag.,  1S92,  p.  66. 
t  Memoirs  of  W.  Smith,  p.  93. 

{  Journ.  Northamptonshire  Nat.  Hist.  So3.,  vol.  vi.  p.  294  ;  see  also  Memoir  on 
Lower  Oolitic  Rocks  of  £ngland,  p.  398. 


OXFORDIAN:  ST.   NEOT8. 


53 


strata  around  Kimbolton,  where  so  much  Drift  covers  the  Oxford 
aay.     (See  p.  305.) 

The  Oxford  Clay  has  been  largely  worked  for  bricktnaking  at 
St.  Neot's  and  in  the  adjoining  parish  of  Eynesbury.  I  visited 
the  sections  in  1893,  in  company  with  Mr.  Cameron. 

At  the  Eynesbury  Brick  and  Tile  Works,  the  pit  showed  grey 
and  yellowish  roarly  clay,  with  bands  of  hard  earthy  limestone  ; 
and  a  somewhat  similar  section  was  shown  at  Grallow  Hill,  on  the 
east  side  of  the  road  leading  to  Little  Barfoixi.  At  the  Gallow 
Hill  section,  which  adjoins  the  Great  Northern  Railway,  the 
uppermost  band  of  hard  earthy  limestone,  was  long  ago  described 
by  Prof  Seeley,*  as  the  *'  St.  Neot's  Rock,"  and  he  observed  that 
it  was  exposea  at  the  base  of  the  railway.  More  recently  the 
sections  have  been  fully  described  by  Thomas  Roberts,t  who 
rightly  remarks  that  the  St.  Neot's  Rock  "  does  not  differ 
markedly  from  the  other  calcareous  bands  which  occur  throughout 
the  Oxford  Clay,"  and  on  this  account  he  deemed  it*  unnecessary 
to  retain  the  term  St.  Neot's  Rock.  Summarizing  the  evidence 
furnished  by  the  brickyards  near  St.  Neot's,  he  gave  the  following 
section : — 


Oxford  Clsy    < 


Soil,  gravel,  and  boulder  clay  (in  places 

Greyish-brown  clay 

Greyish  sandy  limestone   (St.    Neot's 

Book)  . 
Bluish  clay 
Sandy  limestone 
Blue  clay 
Sandy  limestone 
Bine  clay 
Sandy  limestone 
Blue  clay 
Sandy  limestone 
Blue  clay 
Sandy  limestone. 


Ft.    In. 

7      0 


0 
17 
0 
4 
0 
8 
0 
5 
0 
18 


11 
0 
8 
6 
6 
0 

10 
0 
6 
0 


The  beds  belong  to  the  zone  of  Ammonites  ornatus,  as  shown 
by  the  following  list  of  fossils  : — J 


Pliosanrus  Evansi. 
Ammonites  athleta. 

Dnncani. 

Jason. 

var.  Gulielmi. 

Belemnites  hastatns. 

obeliscns. 

Oweni. 


var.  verrucosus. 


Cerithinm  mnricatum. 


X 

X 
X 


Astarte  robusta. 
CucnllsBa  concinna. 
Gryphasa  bilobata. 

dilatata. 

Pecten  fibrosus. 
Trigonia  costata. 
Bhynchonella  varian  s. 
Serpnla  tricarinata. 
Webbina  irregularis. 
Lignite. 


The  specimens  of  Ammonites  Jason  var.   Gulielmi  were  very 
abundant,  and  highly  charged  with  pyrites. 


♦  Ann.  Nat.  Hist.,  ger.  3.  vol.  riii.  p.  504. 
t  Jurassic  Bocks  of  Cambridge,  1892,  pp.  11-14. 

X  Most  of  these  are  recorded  by  T.  Roberts  ;  those  marked  x  were  obtained  by 
Mr.  Cameron  and  myself. 
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North  of  the  railway-station  at  Sandy,  the  upper  beds  of  the 
Oxford  Clay  have  been  well  exposed  in  a  brickyard,  which  I 
visited  in  company  with  Mr.  Cameron.  The  section  showed 
about  15  feet  of  stiff  grey  racy  clay,  with  ferruginous  concretions 
(probably  decomposed  pyritic  fossils)  and  selenite  ;  there  was  also 
a  band  of  earthy  limestone  (6  to  8  inches  thick)  not  unlike  the 
St.  NeotV  Rock,  that  readily  shivers  when  exposed  to  the  weather. 
Sei)tarian  nodules  occur  near  the  top  of  the  beds  exposed.  Near 
by  the  sands  of  the  Lower  Greensand  are  shown  above  the 
Oxford  Clay. 

Among  the  fossils  Ammonites  cordatuSy  of  variable  character,  is 
abimdant,  and  also  the  large  Belemnite,  B.  Oiveni  var.  puzosianus. 
The  following  species  have  been  obtained  : — * 

Alaria  trifida. 

Avicnla  inaequivalvia. 
X  Gryphaea  dilatata  (large  speci- 
mens). 

Naoula  ornata  P 
X  Rhynchonella  varians. 

Brickyards  have  been  opened  to  the  east  of  Godmanchester. 
In  one  of  the  pits  near  this  village,  T.  Roberts  noted,  18  feet  of 
Boulder  Clay  ;  and  below,  a  series  of  dark  blue  tenacious  clays, 
with  nodules  of  pyrites,  and  near  the  top,  a  band  of  greyish  sandy 
limestone.  The  beds  of  Oxford  Clay,  beneath  the  Drift,  were 
shown  to  a  depth  of  24  feet,  and  from  them  Roberts  obtained  the 

t 

AmmoniteB  ocnlatus 
BelemDites  Oweni. 


xAmmoniteR  cordatns. 
X Lamberti. 

Marias. 

trifidus. 

Belemnited  hastatns. 
X Oweni. 


following  fossils  : 


Ammonites  AchilleB. 
Bakeria9. 


cordatns. 


Gryphasa  dilatata. 


These  beds  must  be  high  up  in  the  Oxford  Clay,  so  that  the 
occurrence  of  A,  JBakeritB,  which  is  recorded  also  from  Leighton 
Buzzard  and  St.  Ives,  is  noteworthy. 

The  most  important  section  in  this  neighbourhood  is  that  in 
the  now  deserted  brickyard  west  oi  St.  Ives.  This  section  I 
examined  in  1889,  and  noted  the  beds  as  follows : — 

Ft.  In. 

Brashy  clay,  with  Chryphcva  dildtata, 

"Q-rey  marly  clay  -  •  •      4»      0 

Band  of  grey  shelly  and  calcareous 
gritty  rock      -  -  -   0    3  to    0      8 

Marly  clay,  passing  down  into  darker 
shaly  clay  with  selenite,  and  G. 
dilatata;  and  below  grey  marly  clay 
with  small  Ammonites  Maria? ,  Pinna, 
&c.      -  -  -  -  -    18      0 

Grey  gritty  and  calcareous  rock,  with 
calcareous  and  pyritic  concretions 

0    3  to      0      8 

Grey  marly  clay,  0.  dilatata  (abun- 
dant) ;  formerly  worked  to  depth  of      16      0 

[Calcareous  bed]. 


Oxford  Clay     < 


*  Most  of  these  have  been  recorded  by  T.  Uoberts,  Jarassic  Hocks  of  Cambridge, 
p.  15  s  those  marked  x  were  found  by  Mr.  Cameron  and  mjself. 
t  Jurassic  Rocks  of  Cambridge,  p.  15. 
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T.  Roberts  noted  that  the  St.  Ives  Rock,  to  which  reference 
will  subsequently  be  made  (p.  141),  was  found  above  the  clay 
a  little  to  the  west  of  the  pit ;  its  position  was  8  feet  above  the 
top  band  of  rock,  and  the  fiiU  thickness  of  Oxford  Clay,  observed 
by  him,  was  40  feet.  He  noted  also  the  abundance  of  fValdheimia 
impressa  in  the  clay  just  above  the  bottom  calcareous  bed,  and 
the  horizon  is  marked  as  the  **  zone  of  fValdheimia  impressa.**^ 

Many  Crustacea  were  obtained  from  the  Oxford  Clay  of 
St  Ives  by  Mr.  T.  George,  and  these  and  other  specimens  have 
been  described  by  Mr.  James  Carter.t  They  include  species  of 
Erymay  Eryoriy  Glyphea^  Magila^  Mecocheirusy  Goniocheirui, 
PseudastacuSy  and  Pagnms,  Nowhere  else  in  England  has  so 
varied  an  assemblage  been  found. 

The  fossils  generally,  and  the  stratigraphical  position  of  the 
Oxford  Clay  of  St.  Ives,  indicate  the  zone  of  Ammonites  cordatus. 
At  the  same  time  Ammonites  of  lower  zones  have  been  found  and 
notably  A,  BakericB,  A.  athleta,  and  A,  crenatus.  The  fullest 
and  most  authentic  list  of  fossils  is  that  of  T.  Roberts,  derived 
from  specimens  now  in  the  Woodwardian  Museum :  it  includes 
the  following  species : — J 


Ammonites  Achilles. 

athleta. 

— ^  babeanuB. 

BakerisB. 

cordatus. 

var.  excavatus. 

crenatus. 

Eugeni. 

Goliathus. 

—  hecticus. 

Jason. 

lopliotas. 

MarioB. 

oculatus. 

perarmatuB. 

rupellenais. 

—  trifidus. 
Belemnites  abbreviatus. 
hastatus. 

— —  Oweni.  • 
Belemnotcuthis . 
Kautilus  calloyiensis. 
Alaria  trifida. 
Cerithium  Damonis. 
Astarte. 

Avicula  inaBquivalvis. 
Cardium  Crawfordi. 


CacullaBa  concinna. 
Ezogyra  nana. 
GryphsBa  dilatata. 
Isocardia. 
Leda  lachryma. 
Lima  rigida. 
Modiola  bipartita. 
Kucala  eQiptica. 

nuda. 

omata. 

turgida. 

Ostrea  grcgaria. 

Perna. 

Pholadomya  Phillipsi. 

Pinna  mitis. 

Thracia  depressa. 

Trigonia  elongata. 

Bhynohonella  Isdvirostria. 

varians. 

Terebratula  ozonieneis. 
Waldheimia  impressa. 
Serpula  tricarinata. 

vertebralis. 

Vermilia  sulcata. 

Acrosalenia. 

Pentacrinus. 


During  the  construction  of  the  Great  Northern  Railway,  many 
fossils    were    obtained    from    the   Walton  cutting,  near  Wood 


'  ^  Jarassie  Bocks  of  Cambridge,  pp.  17,  18 ;  lee  also  Bonney,  Cambridgeibire 
Geologj,  p.  10,  and  Penning  and  Jokea- Browne,  Geology  of  Cambridge,  p.  6. 

t  Quart.  Joum.  Geol.  Soc,  vol.  xlii.  p.  54  2. 

X  Jurassic  Hocks  of  Cambridge,  p.  17 ;  see  also  Penning  and  Jakes* Browne, 
Geology  of  Cambridge,  p.  7. 
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Walton,  north  of  Huntingdon ;   among  these    were  Ammonites 
athleta,  A.  cordatus  and  var.  excavatus* 

Mr.  Cameron  informs  me  (1893)  that  a  shaft  (in  search  of 
minerals)  was  lately  sunk  at  Abbots  Ripton  to  a  depth  of  about 
180  feet  through  Drift,  into  the  Oxford  Clay  without  reaching 
the  base  of  the  formation. 

The  higher  grounds  as  at  Alconbury  Hill  are  mainly  formed 
of  Boulder  Clay,  and  in  places  they  give  rise  to  tracts  known  as 
wolds,  as  Molesworth,  Brington,  and  Barnwell  Wolds,  and 
Leighton  Bromeswold.  Westwards  over  the  area  at  Yclden 
and  Caldecot  to  near  Thrapston  the  ground  is  again  largely 
covered  with  Drift,  and  we  have  no  records  of  sections. 

In  the  area  to  the  east  of  St.  Ives,  and  north-west  of  Cambridge, 
we  find  the  Oxford  Clay  consisting  of  bluish-grey  clay  with 
septaria,  selenite  and  occasional  bands  of  sandy  limestone. 
Gryphcea  dilatata  occurs  plentifully  in  the  upper  beds,  which  were 
formerly  worked  to  the  north  of  Willingham.t  The  area  is  how- 
ever much  covered  with  Drift  deposits. 

A  few  sections  have  been  noticed  near  Long  Stanton,  in  the 
brickyard  at  Fenton,  north-west  of  Pidley,  and  in  railway-cuttings 
at  Over  and  Bluntisham ;  but  our  information  concerning  them  is 
scanty,  although  a  number  of  fossils  were  obtained  when  the 
cuttings  were  made.t 

The  Oxford  Clay  was  proved  to  a  depth  of  300  feet  at 
Bluntisham  and  200  feet  at  Over,  but  we  have  no  record  of  the 
full  thickness.  Messrs.  Penning  and  Jukes-Browne  have  indeed 
estimated  it  at  700  feet,§  but  that  would  include  the  Corallian 
Clays,  and  even  then  the  estimate  is  I  think  excessive — ^probably 
500  feet  would  be  nearer  the  mark. 

The  Oxford  Clay  appears  at  Ramsey,  and  extends  beneath  the 
Alluvial  beds  of  the  Fenland,  northwards  to  Whittlesey  and 
Peterborough. 

Thrapston  and  Oundle  to  Peterborough^ 

The  Oxfordian  Beds  in  Northamptonshire  and  north 
Huntingdonshire  were  divided  as  follows,  by  Prof.  Judd  : — | 


'7/xr.^  ^f  ff*  Clays  with  Ammonites  of  the  group  of  the 

Zione  ot         J  CordatL 

Amrrwnttes      ^      Exposed  at  the  Forty-foot  Bridge  brickyards. 
cordatui.        [        south  of  Ramsey  Sere.  ^  ^ 

e.  Clays  with  Ammonites  of  the  group  of  the 
Ornaii. 
Dark  blue  clays  with  nodules  of  pyrites,  and 
numerous  pvritic  Ammonites,  incladinff 
A.  omatuSf  A.  Duacani,  A.  BaJcerioe,  and 
A,  athleta,  and  also  WaW^eimia  impresia. 
Dag  in  brickyards  about  Whittlesey,  at 
Thorney,  and  Eye  Green. 


*  Catalogue  of  Fossils  in  Museum  of  Practical  Geology,  1865,  pp.  239,  &c. 
t  Geol.  parts  of  Cambridgeshire  and  Suffolk,  p.  6. 
i  J.  K.  Watts,  Bep.  Brit  Assoc,  for  1858,  Secticns,  p.  63. 
I  Geol.  Cambridge,  pp.  5,  163,  167. 
Gtol.  Rutland,  p.  St2. 
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Zone  of 

Ammonites 

or7iatu8. 


Zone  of 
Ammonites 
caU(men$i$. 


d.  Clays  with  Belemnites  hastatus, 

Bluo  clays  with  many  fossils  found  in  Divi- 
sion c,  but  characterized  by  the  abundance 
of  ^.  hasiatus. 
Dug  at  Werrington,  Ramsey,  and  Eyebury. 

c.  Clays  with  Belemnites  Oweni. 
<^  Dark  bluo  clays  and  shales,  with  B,  Owsni, 
often  of  gigantic  size.  Gryphcea  dilatata 
occurs,  but  is  more  plentiful  in  the  beds 
above.  Saurians  and  Fishes  occur;  and 
masses  of  lignite,  sometimes  converted  into 
jet  are  found. 
Exposed  in  brickyards  at  Standground, 
Fletton  and  Woodstone,  near  Peterborough ; 
and  at  Conington,  Luddington,  and  Great 
Qidding. 

b.  Clays  with  Nuctda.  Laminated  blue  shales, 
with  compressed  Ammonites,  and  Nueula 
nuda. 
Dug  at  Haddon,  Holme,  south  of  Peter- 
borough,  and  at  Eyebury  to  the  north-east. 
^a.  Kellaways  Sands,  Sandstones,  and  Clays. 
Alternations  of  light-eoloured  sandy  and 
sometimes  pyritous  clays,  with  irregular 
beds  of  whitish  sand— the  latter  fossiliferoos 
and  frequently  cemented  by  calcareous 
matter  into  a  friable  rock :  with  dark 
blue  clay  at  the  base.  Belemnites  Oweni, 
Avicula  inoeqwvalvis,  Grypluca  hilohata,  &c. 
Beds  dug  for  briokmaking  at  TVarmington, 
Oundle,  Southwick,  Benefield,  and  again  at 
Dogsthorpe,  XJffington,  and  Kate's  Bridge, 
near  Thurlby. 

Commencing  in  the  western  portion  of  the  area  we  find  a  large 
and  straggling  outlier  of  the  Lower  OxFordian  Bed?,  and  this 
stretches  from  near  Sudborougl),  north-west  of  Thrapston^  to  the 
west  of  Oundle,  and  northwards  to  the  neighbourhood  of 
Southwick.  The  sections  have  been  described  by  Prof.  Judd. 
Thus  at  the  brickyard  at  Sudborough  we  find  clayey  beds  like 
those  near  Peterborough,  and  they  yield  in  abundance  large 
specimens  of  Belemnites  Oweni;  also  Ammonites  and  Saurian 
remains. 

At  Oundle  brickyard  the  Kellaways  Beds  are  shown,  and  they 
comprise  pale  sandy  clays,  witii  bands  of  hard  sandy  and 
ferruginous  rock,  that  often  thin  out  wiKhin  short  distances. 

At  Benefield  and  again  near  Southwick  there  are  brickyards 
fliat  show  the  Kellaways  Beds,  yielding  large  Belemnites  Oweni, 
also  Avicula  expansa^  Gryph<Ba  bilobata,  Serpula,  &c. 

A  small  outlier  of  the  beds  was  proved  at  Brigstock  Park,  in  a 
deep  well  at  one  of  the  farm-houses ;  but,  as  Prof.  Judd  remarks, 
owing  to  the  thick  covering  of  Boulder  Clay,  tbe  boundaries  of 
the  outlier,  as  shown  on  the  Geological  Survey  Map,  are  purely 
hypothetical.* 

The  lower  beds  of  the  Oxford  Clay  were  well  exposed  in  the 
Wigsthorpe    cutting    of    the   Northampton    and    Peterborough 


*  Geol.  BaUand,  pp.  238,  St4, 88f . 
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Eailway.  This  cutting  was  examined  by  Prof.  Morris  and  Capt. 
Ibbetson^  who  described  the  section  in  the  following  terms  :-— 
^'  The  Oxford  Clay  is  well  seen  in  the  Wicrsthorpe  cutting,  near 
Thorpe  Ay  church,  and  is  marked  by  zones  of  Septaria  frequently 
containing  fossils.  Am.  Kceniffi,  &c.,  the  lower  part  of  the  section 
being  thin  slaty  clays  full  ot  Ammonites  Jason  or  JSlizabethcB  much 
compressed,  Belejnnites,  Avicula,  and  numerous  bivalves."* 

Prof.  Judd  states  that  at  the  brickyard  of  Ashton,  lying  on  the 
opposite  side  of  the  Nene  Valley  to  that  of  Oundle,  Oxfordian 
strata,  probably  a  little  higher  in  the  series  than  those  of  Oundle 
and  Benefield,  are  worked.  These  consist  of  dark-blue  clays 
containing  Nucula  nudoy  many  fragments  of  Belemnites,  crushed 
Ammonites  and  large  quantities  of  wood  converted  into  jet.  He 
mentions  that  near  Haddon  Church  a  well  sunk  at  the  new 
parsonage  penetrated  the  Oxford  Clay  to  a  depth  of  more  than 
30  feet,  but  no  water  was  obtained.  The  clay  brought  up  was 
dark  coloured  and  highly  laminated.  It  contained  many  fossils, 
including  Delemnitcs  Otoeniy  Ammonites  ornatus,  and  Nucula  nuda. 
The  fossils  were  all  cinished  and  very  imperfectly  preserved. 
At  Haddon  brickyard  similar  clays  with  Nucula  nuda  and 
Belemnites,  were  dug.t 

A  cutting  on  the  Great  Northern  Eailway,  between  Farcett 
and  Yaxley  (described  by  Prof.  Judd),  exposed  a  considerable 
thickness  of  light-blue  Boulder  Clay  full  of  chalk  detritus,  with 
some  irregular  gravelly  beds  intercalated  in  it.  At  the  bottom  of 
this  Drift  occur  the  dark-blue  Oxfordian  Clays  containing  very 
large  septaria  and  yielding  many  fossils,  among  which  were  the 
following : — 


Belemnites  Oweni. 

—  hastatus. 
Ammonites  excavatas. 

—  athleta. 


Ammonites  Dnncani* 

cordatas. 

Gryphsea  dilatata. 
Serpula  vertebralis. 


At  Conington  brickyard  Prof.  Judd  observed  blue  Oxfordian 
olays,  which  yield  abundant  specimens  of  Belemnites  Oweni,  and, 
somewhat  rarely,  examples  of  Grf/phcea  dilatata.  Similar  clays 
have  been  dug  at  the  Holme  brickyard. 

Extensive  brickyards  have  been  opened  up  near  Peterborough, 
at  Fletton,  Standground,  and  Woodstonc,  comparing  well  in  size 
with  the  brickyards  near  Oxford.  In  one  of  the  openings  at 
Fletton,  I  noted  20  feet  of  clay  with  gravelly  pockets  on  the  top. 
The  clay  is  lighter  near  the  surface,  and  darker  grey  below,  and 
rusty  at  the  joints.  Large  cement-stones  occur  occasionally,  and 
there  is  a  good  deal  of  lignite,  which  is  sometimes  converted  into 
jet.  Prof.  Judd  remarks  that  the  lignite  occurs  in  great  masses, 
which  were  evidently  portions  of  drift  timber. 

About  30  years  ago  the  fossils  of  the  Oxford  Clay  were 
zealously  collected  by  Dr.  Henry  Porter,  of  Peterborough  ;  since 
that  date  Air.   Alfred  N.   Leeds  and  Mr.   Charles  Leeds,  have 

*  Hep.  Brit.  Assoc,  for  1S47,  1848,  Sections,  p.  127. 
t  Judd,  Geol.  Batland,  pp.  283-285,  237,  2t8. 
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added  very  considerably  to  the  knowledge  of  the  vertebrate 
fiftuna^  many  specimens  obtained  by  them  having  been  described 
by  Mr.  Hulke,  Prof.  Seeley,  and  Mr.  Smith  Woodward. 

The  clay  is  of  a  very  tenacious  character,  to  which  Dr.  Porter 
bore  personal  testimony,  for  on  riding  on  one  occasion  into  a 
brickyard  at  Standground,  his  horse  took  fright  and  plunged  into 
a  great  heap  of  clay  recently  dug,  '*  and  on  trying  to  extricate 
himself  only  got  deeper  into  the  mire,  until  both  horse  and  rider 
were  completely  stuck  fast  in  the  middle  " ;  and  they  required 
the  services  of  halt-a-dozen  men  with  ropes,  and  of  many  buckets 
of  water,  before  they  were  unmired.* 

Among  the  fossils  the  most  abundant  form  is  Belemnites  Oweniy 
of  which  large  examples  occur.  Some,  according  to  Porter,  10 
or  12  inches  in  length,  and  2  or  3  inches  in  circumference.  (See 
p.  318.)  Many  iridescent  and  other  crushed  Ammonites  occur  at 
the  base  of  the  workings. 

The  following  is  a  list  of  Fossils  from  the  Oxfordian  Beds  of 
Peterborough : — 


Beptilia, 

Cainptosaums  Leedsi. 
Omosanrns  durobriveDsis. 
Pelorosaums         (OmithopsiB) 

Leedsi. 
Sarcolestes  Leedsi. 
Sncliodiis  dorobrivenBiB. 
Ophthalmosaums  icenicoB. 
CimolioBaaniB  dnrobrivenBis. 
—  enrymems. 

BicliardBOid. 

Peloneustes  philarchns. 

Fishes, 

Hypsocormns  Leedsi. 
tennirostrlB 


Leedsia  problematica. 
LepidotuB  latilrons. 
Asteracanthus  ornatiBsimas  var. 
flettonensis. 

MoUusca, 

Ammonites  ardaennensis. 
■         BakeriaB. 
■       hecticus. 
—  macrocephaluB. 

omatuB. 

Belemnites  Oweni. 
Gryphsea  bilobata. 

Brachiopoda. 
Ehynchonella  varians. 


Prof.  Seeley  has  given  a  brief  note  of  a  well  sunk  at  the  gas- 
works at  Peterborough,  where  the  strata  proved  were  as 
foUowd : — t 

Ft.    In. 
Blue  clay     -  -  -  -  -  -  -    24      0 

Fine  grey   sand,  with  at  base  bones    of     Ornithopsis 
(=  Pdorosaurus)  -  -  -  -  -    12      0 

Clay. 

This  record  must  refer  to  beds  near  the  base  of  the  Oxfordian 
Serie84 

Ramsey,  Ifhittlesey,  and  the  Fenland. 

At  Ramsey  and  Whittlesey  the  Oxford  Clay  rises  in  low 
^islands"     in   the   Alluvium   of   the   Fenland,   and    the   game 


*  Geology  of  Peterborough,  1861,  p.  61 ;  lee  also  Judd,  Geol.  Rutland,  p.  235. 
t  Quart.  Joum.  Qeol.  Soc,  toI.  xIt.  p.  391. 

X  'Hie  record  of  a  boring  at  New  England,  Peterborosgh,  is  given  in  the  Memoir 
OD  the  Lower  Oolitic  Bocks  of  England,  p.  302. 
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{ormation  no  doubt  forms  the  foundation  over  a  considerable 
area,  to  ihe  west  of  Wisbech  and  Holbeach.  It  is  possible  that 
the  insulated  tracts  of  Chatteris  and  March  may  be  outliers  of 
Kimeridge  Clay  based  on  Corallian  and  Oxford  Clays ;  but  the 
older  clays  are  concealed  beneath  the  Alluvium,  and  in  some 
cases  by  Boulder  Clay.  The  evidence  obtained  here  and  there 
is  not  always  of  a  conclusive  nature,  because  Jurassic  fossils  are 
80  plentiful  in  the  Boulder  Clay,  and  some  of  the  Oxford  Clay 
fossils  recorded  from  March,  may  have  been  so  derived,* 

In  a  few  places  we  have  direct  evidence  of  the  Oxford  Clay 
in  brickyards,  as  pointed  out  by  Prof.  Judd.  Thus  south  of  Bury, 
near  Ramsey,  dark  blue  clays,  with  much  pyrites,  yielded  the 
following  fossils,  and  show  that  there  the  upper  portions  of  the 
Oxford  Clay  occur  : — 


Sanrian  bonos. 
Ammonites  cordatns. 
—  Lamberti. 


Belemnites  hastatus. 
Oweni. 


GryphsQa  dilatata. 

A  somewhat  similar  assemblage  of  fossils  was  met  with  in  the 
two  clay-pits  at  Forty-foot  Bridge,  where  many  varieties  of 
Ammonites  Lamherti  occur,  and  Belemnites  hastatus  is  very 
abundant.  Prof.  Judd  notes  that  a  bed  of  hard  rock,  8  or  10 
inches  in  thickness,  was  found  at  a  depth  of  15  feet  in  one  of  the 
pits.t  At  Ramsey  there  are  several  brickyards  where  the  clay  in 
locally  termed  "  Gait,"  as  is  the  case  generally  with  clay  in 
Cambridgeshire.  A  boring  made  in  the  Cricket  Field  at  Ramsey 
(1885),  to  a  depth  of  303  feet  failed  to  find  water;  nor  could  it 
reasonably  have  been  expected  at  such  a  depth,  as  the  sinking 
was  commenced  in  the  Upper  Oxfordian  Beds,  and  considering  the 
argillaceous  nature  of  the  Great  Oolite  divisions,  no  reliance 
could  be  placed  on  them  as  water-bearing  strata.  The  details 
of  the  sinking,  communicated  to  me  by  Mr.  A.  C.  G.  Cameron, 
were  as  follows : — 


Oxford  CJay 

and 
•G-reat  Oolite 
Series? 


Alluvial  soil 

"Clay 

Eock 

Clay 

Hard  rock  (pyrites) 

Clay 

Chalk  and  rock  - 

Clay  (moist) 

Bock 

Clay 

Rock 


} 
} 


Feet. 

128 

• 

33 

20 

22 

8 

46 
11 
16 
20 

303 


Prof.  Judd  states  that  to  the  north-west  of  Whittlesey  the 
clays  are  dug  in  a  very  extensive  pit ;  they  are  of  a  deep-blue 
colour  and  contain  much  pyrites  and  lignite.     The  fossils  indeed 


*  S«e  Lilt  in  Skcrtchlj's  Geology  cf  the  Fenland,  p.  317;  and  Whitaker,  Geol. 
♦S.W.  Norfolk  and  N.  Cambridgeshire,  p.  9, 
t  Geol.  Rutland,  p.  237. 
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are  often  so  thickly  encrusted  with  pyrites  that  it  is  impossible  to 
determine  their  species.     Among  them  are  the  following: — 

GryphsBa  dilatata  (very  abundant). 
Serpola. 


Ammonites  athleta. 
Belemnites  hastatua. 
Oweni. 


The  large  cloy-pits  at  Whittlesey  have  yielded  great  numbers 
of  beautiful  specimens  of  Ammonites^  especially  those  belonging 
to  the  Omatus  group,  including  the  following  species : — 


Ammonites  Bakeriaa. 

Comptoni. 

Constanti. 

cordatus  (variety). 

Duncani. 


Ammonites  Elizabethad. 

Jason. 

—  ornatQB. 
tatricQS. 


Belemnites,  bones  of  Saurians,  and  specimens  of  Gryphcea 
dilatata  also  abound  in  these  pits. 

At  Eastrea  brickyard,  clays,  somewhat  higher  in  the  Oxfordian 
Feries,  are  exposed ;  thene  yield  : — 


Saurian  remains. 
Ammonites  L^mberti. 
Belemnites  hastatus. 


Belemnites  Owoni. 
Rhynchonella  yarians. 


At  the  brickyard  at  Eyebury  a  numberof  interesting  vertebrate 
remains  have  been  collected  by  Mr.  Leeds.  The  clays  at  this 
place  have  yielded  a  considerable  number  of  specimens  of 
Waldheimia  impressa. 

Near  Eye  several  pit3  opened  in  the  Oxfordian  strata,  expose 
beds  of  blue  clay  with  Gn/phaa  dilatata^  and  numerous  Belem- 
nites and  Ammonites,  At  Eye  Green  a  thin  ferruginous  stony 
seam  occurs  in  the  midst  of  the  Oxford  Clay.  At  this  place  there 
are  found  in  the  clnys  great  numbers  of  Ammonites  in  all  stages 
of  growth,  including  many  varieties  of  Ammonites  Jason,  and 
A.  ornatus  :  Belemnites  Oweni  is  very  rare  here,  while  B.  hastatus 
{gracilis)  is  abundant.  Waldheimia  impress  a  also  occurs  at 
tliis  locality. 

At  Thomey  there  is  an  excellent  section  of  the  Oxford  Clay,  it 
being  here  dug  to  a  considerable  depth.  Ammonites  of  the 
Omatus  group  are  abundant,  but  the  specimens  are  usually 
encrusted  with  pyritea  Gryphcea  dilatata  occurs  in  prodigious 
numbers,  but  Belemnites  Oweni  is  very  rare.* 

The  occurrence  of  Oxford  Clay  at  some  depth  beneath  the 
surface  at  Lynn,  in  Norfolk,  was  suggested  by  Fitton,  who  in 
1827  noted  the  finding  of  Gryphcea  dilatata  together  with  other 
fossils  in  a  well  sunk  at  Allen's  Brewery .t  Further  reference 
will  be  made  to  this  record  and  to  a  boring  at  March,  in  the 
account  of  the  Corallian  Beds.  (See  p.  147.)  Ammonites  callo- 
viensis,  Astarte  ovata,  and  Gryphaa  dilatata  have  been  obtained 
from  the  Fens  near  March,  J 


•  The  abore  notei  are  by  Prof.  Judd,  Gcol.  Eatland,  pp.  238,  230. 
t  Tranff.  Geol.  Soc,  ser.  2.  toI.  iv.  p.  316. 
X  Specimens  in  Wisbech  Mtueom. 
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Peterborough  to  Bourn. 

North  of  Peterborough  there  are  brickyards  at  Dodsthorpe  or 
Dogsthorpe,  where  the  strata,  as  described  by  Prof.  Judd^  com- 
prise light  and  dark-blue  clays,  often  mottled,  becoming  in  some 
places  very  sandy  and  passing  in  others  into  light  bro^vn  sands 
which  are  somewhat  indurated.  The  sandy  rock  here  does  not 
appear  to  form  regular  beds  in  the  clay,  but  to  constitute  nests 
and  irregular  lenticular  masses.  The  beds  belong  to  the  Kella- 
ways  division,  and  include  at  their  base,  7  feet  of  hard  blue 
**  dicey  '*  clay.  In  the  sandy  stone,  great  numbers  of  specimens 
of  GryphcBu  bilobata,  and  Belemnites  Otoeni,  including  individuals 
of  all  ages  occurred.  In  the  basement-clay  there  was  a  band 
crowded  with  fossils  including  Ammonites  macrocephalus,  Nucula 
nuda,  Corbula,  and  Rhynchonella.  Beneath  this  clay  the  Corn- 
brash  was  proved. 

At  the  westernmost  of  the  two  miUs  at  Werrington  a  brick- 
yard exhibits  beds  of  Oxford  Clay,  overlaid  by  thick  masses  of 
Boulder  Clay  with  patches  of  gravel  at  its  base.  The  Oxford 
Clay  here  yielded  bones  of  Ichthyosaurus^  also  Ammonites  Duncani 
and  Belemnites  Oiveni,  In  the  clay-pit  at  the  east  end  of  the 
village  of  Werrington  the  clays  yield  rather  numerous  fossils, 
including  Ammonites,  Belemnites  hastatus  (very  abundant)^ 
B»  Oweni,  Grj/ph<Ba  dilatata,  Nucula  nuda,  and  Serpula 
vertehralis  (abundant). 

The  above  sections  were  described  by  Prof.  Judd.*  In  the 
Casewick  cutting  of  the  Great  Northern  Railway,  described  by 
Prof.  Morris  in  1853,  some  interesting  sections  of  the  lowest  bed& 
of  the  Oxfordian  series  were  exposed.  Resting  upon  the  Corn- 
brash  there  was  1.0  feet  of  dark  laminated  unctuous  clay,  with 
grey-brown  sandy  ferruginous  clay ;  the  dark  clay  contained 
Ammonites  macrocephalusy  abundantly,  as  well  as  Modiola  bi- 
partita^  Trigonia,  Thracia  depressa,  Nucula  nuda,  and  Saurian 
bones.  The  brown  sandy  clay,  which  passed  into  ferruginous 
rock,  contained  many  well  preserved  fossils,  the  most  abundant 
being  as  follows : — 

Ammonites  calloTiensis. 
Belemnites  Oweni. 


Nautilus. 
Avicula  expansa. 
Gresslya  peregrina. 


Gryphsea  bilobata. 
Lima  ri^dula. 
Pecten  demissus. 
Pholadom  ja  acuticosta. 


These  fossils  indicated  the  Kellaways  rock  which  had  not  previously 
been  noticed  in  the  district.^ 

Prof.  Judd  mentions  that  at  Kate's  Bridge  four  miles  south  of 
Bourn  there  are  two  pits  in  the  Kellaways  strata4  In  one  of 
these,  the  thickness  of  clay  overlying  the  Cornbrash  is  only  6  feet» 
the  beds  consisting  of  light-blue  sandy  clay  containing  Belemnites, 
Gryphcea,  Avicula,  and  other  shells. 

*  Judd,  Geol.  Rutlandf  pp.  235,  236. 

t  Qcii^i't.  Journ.  Geol.  Soc.,  toI.  ix.  p.  838. 

X  Jadd,  Geol  Butland,  p.  287. 
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At  Bourn,  in  a  brickyard,  the  following  section  was  noted  by 
Mr.  S.  B.  J.  Skertchly  :— 

^Soil 

Clay  becoming  sandy  and  yellow  below 

Kellaways      J  Light-blue  and  yellow  mottled  sand    - 

Beds.  J  Ligbt-colonred,  laminated  clay 

I  Sandy  rock  (very  irregular) 

LLighi-blue  clay  -  -  -  8 

Combrash.  ..-.-- 

The  bed  of  sandy  rock  contained  Belemnites  Oiceni,  Avicula 
expansa,  GryphcBa  bilobata,  and  Lignite. 

In  the  cuttings  of  the  Bourn  and  Saxby  Railway  which  I 
examined  in  1892,  some  interesting  sections  were  exposed.*  (See 
Fig.  24,  p.  64.)  Where  this  ne»v  railway  leaves  the  Essendine  and 
Bourn  Branch,  south-west  of  Bourn,  there  were  shal'ow  cuttings 
that  showed  grey  and  brown  clay,  with  loamy  beds  above,  and  in 
places  a  thin  gravelly  soil  with  flints,  &c.  A  temporary  brick- 
yard, opened  on  the  north  side  of  the  railway,  about  half-a-mile 
from  Bourn  station,  showed  10  feet  of  bluish-shaly  clay  with 
small  decomposed  septaria  and  pyrites,  and  on  top  2  or  3  feet  of 
yellow  loam.  Here  the  bedding  was  nearly  flat,  further  west 
there  was  a  slight  westerly  dip,  and  higher  beds  were  exposed  by 
the  footbridge.     The  section  was  as  follows  : — 

fLoam. 
Kellaways      I  Thin    calcareous    sandstone    with   plant-like 
Beds.         <      markings. 
11  feet  seen.      I  Loam. 

LBlue  clay. 

Still  farther  west  the  cutting  is  deeper,  and  the  calcareous 
sandstone,  a  flaggy  blue-hearted  rock,  is  two  feet  or  more  in  thick- 
ness, and  contains  in  abundance  Belemnites  and  Grt/phcea  bilobata. 
Above  this  rock-bed  there  is  a  considerable  thickness  of  dense 
grey  shaly  clay  with  selenite,  lignite,  and  numerous  flattened 
Ammonites.  Here  I  obtained  a  Saurian  bone.  Ammonites  Jason 
var.  Gulielmif  Belemnites  Oweni,  some  Gasteropods,  Arca^  and 
GryphtBa  bilobata.  These  beds,  therefore,  belong  to  the  zone  of 
Ammonites  omatus.  About  10  feet  above  the  rock-bed,  before- 
mentioned,  there  is  a  band  of  huge  septaria,  oval  and  spheroidal 
masses,  in  some  instances  3x2x1  feet  in  size,  and  mostly 
unfcssiliferous.  They  occur  practically  on  one  horizon,  though 
the  band  was  slightly  irregular. 

The  ndlway -tunnel  is  excavated  in  Oxford  Clay,  which  is  over- 
laid by  about  1 2  feet  of  Chalky  Boulder  Clay.  On  the  western 
side  of  the  tunnel,  the  cutting  showed  this  Drift  resting  on  about 
12  feet  of  Oxford  Clay,  which  here  has  an  easterly  dip.  As 
the  beds  rise,  so  we  find  the  band  of  septaria  further  west  in  the 
catting,  and  at  a  lower  level  there  are  the  loamy  beds  belonging 
to  the  Kellaways   division,  not  very  clearly  exposed,  with  the 

*  Other  BectioDs  of  the  Lower  Oolites  hare  been  described  id  tbe  Memoir  on  the 
Lower  Oolitic  Rocks  of  England,  pp.  206,  421,  455  ;  and  those  of  tbe  Lias,  In  the 
Mmoir  on  the  laas  of  England  and  Walei,  pp.  170, 23S,  281. 
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Conibrath  at  the  base.  The  outcrop  of  the  Kellaways  Beds 
forms  a  gentle  escarpment  above  the  Combrash  to  the  north  of 
Lound. 
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The]  synclinal  structure  ehown  in  the  cuttings  confirms  that 
depicted  on  the  Geological  Survey  Map,  as  outcrops  of  Combrash 
are  marked  in  places  both  north  and  south  of  Bourn,  on  the 
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eastern  side  of  the  tract  of  Oxford  Clay.  Clays  and  sands 
belonging  to  the  Kellaways  division  were  again  shown  above  the 
Combrash  to  the  north  of  Elderwood  Farm  and  to  the  south  of 
Home  Bottom  Farm. 

In  the  accompanying  section  I  have  drawn  the  strata  below  the 
level  at  which  they  are  exposed  in  the  railway*  cuttings,  so  as  to 
exhibit  more  clearly  the  general  structure  of  the  country. 

Bourn  to  Sleafordy  Lincohiy  and  Brigg, 

The  Kellaways  Beds  may  be  persistently  traced  in  the  country 
north  of  Bourn,  by  Sleaford  towards  Lincoln ;  indeed,  according 
to  the  observations  of  Messrs.  W.  H,  Dalton  and  W.  H.  Holloway, 
they  occupy  a  considerable  area  between  Bourn  and  Folkingham^ 
and  occur  in  the  outliers  to  the  west  of  the  main  mass^  near 
Edenham  and  Ingoldsby. 

Sections  were  exposed  in  brickyards  near  Morton  and  Kirkby 
Underwood,  and  the  beds  were  proved  in  a  well  at  Aswarby  Hall 
(18  feet),  and  in  the  railway-cutting  north  of  Sleaford.  Clays 
and  shales  indicating  the  zone  of  Ammonites  Jason  and  higher 
beds  were  seen  near  Burton  Pedwardine  and  Mareham,  south-east 
of  Sleaford.*  Purplish  shaly  beds  were  shown  in  the  brickyard 
(now  abandoned)  north-^ast  of  Sleaford.  These  occur  above  the 
Kellaways  division,  and  they  reminded  me  of  beds  that  occupy 
the  same  position  near  Weymouth.  South-east  of  Digby  finely 
laminated  clays  yielding  Ammonites^  Avicula,  Nucula,  &c.,  were 
observed  by  Mr.  Dalton,  and  in  the  adjoining  railway-cutting  he 
obtained  Cerithium  muricatum  in  abundance. 

We  have  but  little* information  respecting  the  higher  zones  of 
the  Oxford  Clay  in  this  area,  for  they  do  not  often  appear  at  the 
surface ;  indeed  over  much  of  the  ground  they  are  concealed  by 
Drift  or  buried  beneath  the  Alluvium  of  the  Fenland. 

In  the  area  north  of  Kirkby  Green,  and  thence  along  the  out- 
crop east  of  Lincoln,  the  Kella>\ays  Beds  have  been  separated 
from  the  Oxford  Clay  on  the  Geological  Survey  Map.  They 
include  at  their  base  here  as  elsewhere,  a  band  of  clay,  proved  at 
Sudbrook  Holme  to  be  7  feet  thick,  and  increasing  in  thickness 
further  north.  These  "  Basement  Clays  "  as  they  are  termed  by 
Mr.  W.  A.  E.  Ussher  are  rightly  grouped  by  him  as  equivalent 
to  the  '* Avicula  Shales"  or  ''Cornbragh  Clay"  of  Yorkshire.f 
(See  p.  10.)  The  full  thickness  of  the  Kellaways  Beds  at 
Sudbrook  is  about  25  feet. 

Sections  of  the  Kellaways  Eock  have  been  observed  east  of 
Nocton  Hall,  where  sands  and  soft  sandstone  occur,  with  Belem^ 
nites  and  Gryphcea  bilobata.  At  other  localities  along  the  outcrop 
we  find  an  occasional  pit  or  ditch  where  sand,  buff,  brown,  and 
pale-greenish  in  colour,  has  been  exposed.  Occasional  beds  of 
calcareous  and  shelly  sandstone  are  met  with. 

*  Juk«8-Browne,  Geol.  S.  W.  Lincolnflhire;  pp.  70-72 ;  ««e  also  H.  B.  Woodward, 
Memoir  on  Lower  Oolitic  Rocki,  p.  426. 
t  Greol.  Lincoln,  p.  73. 
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At  Timberland  there  is  a  large  brickyard,  where,  beneath  Fen 
DepositB  and  Boulder  Clay,  the  Oxford  Clay  of  a  dark  slate 
colour  was  exposed  to  a  depth  of  6  feet.  The  following  species 
were  obtained  by  Mr.  Jukes-Browne : — * 


Ammonites  Lamberti. 
— — -  Marias. 
—  oculatas. 


Belemnites. 
Gryphsa  dilatata. 


The  highest  beds  consisting  of  stiff  blue  clay  were  shown  to 
the  depth  of  40  feet  in  a  pit  near  Bardney,  and  here  the  following 
fossils  have  been  found  : — 


X  IchthyosauruB  (vertebra). 

AmmoniteB  ardaennensis  P 

X   cordatns. 

X  Eugenii, 

X  exoavatus. 

—  perarmatuB. 


X  Ceriihium  maricatam. 
X  Gryphaea  dilatata. 
X  Pinna. 

X  Serpnla  sulcata. 
X  — —  tricarinata. 


noted    by    Mr.   T.    Roberts, 
the  species    recorded    in  the 


The    species    marked    x     were 

The  identifications    of   some    of 

Geological  Survey  Memoir    have  been  considered  doubtful  by 

Mr,  Roberts. 

At  Langworth  brickyard,  north-east  of  Lincoln,  a  somewhat 
similar  assemblage  has  been  met  with,  including  Am,  Lamberti, 
suggestive  of  the  presence  of  that  zone,  together  with  the  lower 
part  of  that  of  A.  cordatus.  The  species  noted  by  Mr.  Roberts 
are  as  follows  : — 


Anmionites  cordatas. 

—  Eugenii. 

—  hecticus. 


Alaria  bispinosa. 
Avicula  MiinsterL 
Gryphaea  dilatata. 


Am,  Lamberti  WM  obtained  here  by  Mr.  Dalton,  while  Am, 
perarmatus  has  been  obtained  at  Rand. 

South-west  of  Bishop's  Bridge,  between  Glentham  and  West 
Rasen,  a  well  was  sunk  through  6  feet  of  mottled  clay  into  grey 
shaly  clay,  yielding  Am.  Duncani,  A.  canaliculatus,  A,  Lamberti, 
and  other  fossils,  specimcDs  of  which  were  obtained  by 
Mr.  Ussher.t  In  a  brickyard  north-west  of  Kingerby,  -Befem- 
nites  hastatus  was  found  ;  while  a  somewhat  lower  horizon  was 
indicated  in  the  brickyard  east  of  Bishop's  Norton,  where 
Mr.  Roberts  obt^ned  Belemnites  Oweni  in  abundance,  together 
with  Cerithium  muricatum,  and  GryphcBa  dilatata.X 

Northwards  through  Brigg  to  the  shores  of  the  Humber  the 
Oxfordian  beds  are  largely  concealed  by  the  Alluvium  of  the 
Ancholme  valley. 

A  boring  at  Brigg,  described  by  Mr.  Ussher,  showed  the 
following  beds : — 

Drift  &c. 
Oxford  Clay  f  Blue  Shale 

and  <  Sandstone  Bock 

Kellaways  Bock.  L  Blue  Shale 
Oombrash  Limestone  Bock 

*  (jeol.  Lincoln,  p.  77. 
t  Jhid,,  pp.  77,  78. 
Bob^s,  Qaart.  Josrn.  Gtol.  Soc.,  toI.  zlv.  pp.  548,  549. 
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At  Gander  Hill,  soutb-enst  of  Hibaldstow,  there  appeared  to 
be  little  more  than  2  feet  of  clay  between  the  Cornbrash  and 
Kellawajs  Rock,  but  wherever  evidence  could  be  obtained,  the 
clay  was  persistent. 

At  Winterton  Holme,  the  beds  are  masked  by  Drift.  While, 
however,  the  Kellaways  Rock  appears  to  be  eo  thin  beneath 
Brigg,  yet,  according  to  Mr.  Ussber,  it  develops  further  south 
into  a  series  of  sands  irregularly  consolidated  into  rock,  and  may 
attain  a  thickness  of  20  feet,  while  the  overlying  Oxford  Clay  is 
probably  ab(>ut  300  feet  thick. 

The  indurated  beds  in  the  Kellaways  group  generally  yield 
Gryphcea  bilobata  and  Belemnites. 

The  exposures  in  the  Oxford  Clay  in  this  part  of  Lincolnshire, 
are  not  very  important.  Mr.  Ussher  records  Posidonomya  and 
Leda  Phillipsi  from  bluish-grey  shaly  clay  at  Black  Dyke,  east 
of  Waddingham.  Tlie  most  northerly  exposure  south  of  the 
Humber  is  at  the  east  end  of  Winterton  Holme  Hill,  west  of 
ScabcrofV,  where  the  lower  part  of  the  Oxford  Clay,  blue  clay 
with  limestone  concretions,  is  shown  ;  and  the  following  fossils 
were  obtained  : — * 

Ayicnla  insaqnivalvis.  Serpnla  tetragona. 

Gryphffla  dilatata. 

Sussex  and  Kent, 

The  occurrence  of  Oxfordian  strata  in  ihe  south-east  of  England 
was  first  made  known  by  the  results  of  the  Sub-Wealden  Boring. 
There  near  Battle  the  Oxford  Clay  was  proved  beneath  Corallian 
and  newer  beds.  Strata  indicating  a  like  succession,  including 
also  Lower  Oolites,  have  been  penetrated  in  the  Dover  Boring.t 
At  Chatham  again,  Oxford  Clay  has  been  definitely  proved,  and 
in  this  case  directly  beneath  the  Lower  Cretaceous  Strata.  Hence 
we  may  assume  that  a  line  from  Battle  to  Dover,  where  the  Upper 
Oolites  occur,  corresponds  roughly  with  the  general  strike  of  the 
underground  Jurassic  rocks ;  and  that  the  beds  have  a  south- 
easterly dip,  so  that  in  passing  from  Battle  to  Chatham  lower  strata 
come  successively  beneath  the  Cretaceous  coverings.  Finally  at 
Streatham  and  Richmond  the  Lower  Oolites  are  present,  and  as 
we  proceed  towards  Fariugdon  in  Berkshire,  we  again  come  upon 
the  higher  portions  of  the  Oolitic  Feries,  as  represented  in  the 
Diagrams.  (Figs.  1 14  and  145,  pp.  288,  289.)  Thus  there  is  evi- 
dence beneath  this  great  tract  of  a  denuded  anticline  of  Jurassic 
rocks  covered  by  Lower  Cretaceous  and  newer  formations. 

With  regard  to  the  Oxford  Clay  in  the  Sub-Wcalden  Boring 
but  little  can  be  said.  The  lowest  cores,  as  remarked  by  Mr. 
Topley,  are  only  one-inch  in  diameter,  and  therefore  the  oppor- 
tunity of  obtaining  recognizable  species  of  fossils  was  limited.     At 


*  Geol.  North  Lincolnshire,  Sec,  pp.  91-98. 

t  See  Memoir  on  the  Lower  Oolitic  Bocks  of  England^  p.  36*2,  and  J.  F.  Blake, 
Annals  of  British  Geology  for  1892,  pp.  xxy.  and  112. 
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the  base  of  the  lowest  bed  of  oolitic  limestone  *'  Dark  shale  "  was 
reached,  but  no  fossils  were  recorded  from  it.  Above  this  limestone, 
thei*e  was  a  thick  bed  of  shale  and  this  yielded  the  following 
fossils  which  were  identified  by  Mr.  Etheridge : — 

Depth  from  surface. 
Foet. 
Ammonites  Chamnsseti  ....    1866 

(near  to  vertebralis)  -  -  .  -    1809 

The  specimen  identified  as  A.  Ohamutsetif  is  a  fragment  only  :  the 
species  according  to  D*Orbigny  is  very  near  to  A.  cordatus,  but  being 
found  in  the  Gallovian  strata,  he  assigned  the  distinct  name  to  it.* 

Mr.  Topley  at  firat  thought  it  '^  possible  that  the  lowest  60  feet 
of  the  Boring  may  be  Oxford  Clay ;  but  this  point  is  doubtful."t 
Later  on  he  doubtfully  assigned  117  feet  to  this  formation. 
According  to  the  detailed  statement  of  the  Aqueous  Works  and 
Diamond  Rock- Boring  Co.,  the  boring  was  carried  to  a  depth  of 
1,906  feet  and  the  lowest  120  feet  were  entirely  in  shale.  (See 
p.  347.)  It  is  unfortunate  that  these  differences  exist.  Having 
regard  to  the  position  of  the  above  fossils  and  the  generiu 
character  of  the  strata,  I  am  disposed  to  agree  with  the  last 
interpretation  and  to  group  120  feet  with  the  Oxford  Clay,  being 
the  beds  proved  from  1,786  feet  to  the  bottom  of  the  boring. 

With  regard  to  the  deep  boring  at  Chatham  Dockyard 
(1880-84),  the  discovery  of  Oxford  Clay  was  announced  in  1884 
by  Mr.  Whitaker,  from  an  examination  of  the  fossils  by  Messrs, 
G.  Sharman  and  E.  T.  Newton.  In  this  boring,  after  passing 
through  Alluvium,  Gravel,  Thanet  Sand,  Chalk,  Gault,  and  Lower 
Greensand,  stiff  grey  clay  was  reached  at  a  depth  of  943  feet, 
and  penetrated  for  a  depth  of  about  20  feet.  The  clay  contained 
pyritic  and  phosphatic  (?)  nodules,  and  yielded  the  following 
fossils  :— t 


AmmonitOB  crenatos. 
hecticuB  P 

—  Lamberti. 

—  plicatilis ! 
Belemnitcs. 
Alaria  trifida. 
Astarte. 
Fecten. 


Gmstacean  claws  and  limbs. 

Bairdia. 

Serpnla  vertebralis. 

Cidaris. 

Pentaorinns  Fisheri. 

Cristellaria  crepidola. 

rotulata. 

Lignite. 


The  evidence  concerning  the  Jurassic  rocks  in  the  Dover  Boring 
has  at  length  been  published  by  Prof.  W.  Boyd  Dawkins.  From 
his  statement  we  learn  that  beds  of  Oxfordian  character  were 
probably  touched  at  a  depth  of  769  feet  below  high- water  mark, 
and  penetrated  to  a  depth  of  188  feet  The  occurrence  of 
Gryph(Ba  dilatata  and  of  Rhynchonella  varians  var.  socialis, 
together  with  Beleninitesy  as  well  as  the  stratigraphies  1  position  of 
the  strata,  support  the  view  that  this  series  of  clays,  shales,  and 

*  Pal.  Fran^aiie  Terrain  Jurassiqaes,  Tome  i.  p.  487. 

t  Dixon,  Geol.  SusBex,  Ed.  2,  p.  155. 

%  Wbitaker.  Guide  to  OeoL  London,  Ed.  4,  pp.  If,  21 ;  J.  W.  Judd  and  C. 
Homtrsbam,  Quart.  Joum.  Geol.  Soc,  toI.  xli.  p.  526 ;  Whitaker,  Ibid,,  toL  zlii, 
pp.  80,  32  i  vol.  xliii.  p.  197 ;  and  Geology  of  London,  vol.  i.  p.  42. 
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marls,  with  bands  of  limestone  and   sandstone,  belongs   to   the 
Oxfordian  group.     (See  p.  344.) 

In  connexion  with  the  irregular  overlap  of  the  Lower 
Cretaceous  rocks  over  the  denuded  plane  of  Jurassic  rocks  in  the 
south-east  of  England,  it  is  interesting  to  note  that  the  Lower 
Oolitic  fossils  Tercbratnla  fimbria  and  Rhynchonella  oolitica,  and 
the  Oxfordian  fossils  Ammonites  crenatvs  and  A.  Lamberti,  were 
found  by  Godwin- Austen  ;  while  remains  of  Liassic  and  Rhsetic 
Fishes  have  been  obtained  by  Mr,  C.  J.  A.  Meyer,  from  the 
Lower  Greensand  near  Godalming.  These  fossils,  derived  from 
the  Jurassic  rocks,  occur  in  a  pebble-bed  that  lies  at  the  base 
of  the  Bargate  Stone-beds  fi^rouped  by  Mr.  Meyer  with  the 
Folkestone  Beds  and  by  Mr.  Topley  with  the  Hythe  Beds.* 

*  Godwin- Austen,  Quart.  Journ.  Geol.  Soc.,  vol.  xii.  p.  71 ;  Mejtr,  on  the  Lower 
Greensand  of  Crodalming  (Geol.  Assoc.,  1868,  printed  separately) ;  Geologist, 
Tol.  Ti.  p.  52 ;  Gieol.  Mag.,  toI.  i.  p.  249 ;  Toplej,  Geologj  of  the  Weald,  p.  112 ;  and 
F.  Chapman,  Quart.  Journ.  Geol.  Soc.,  yoI.  1.  p.  677. 
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CHAPTER  V. 

corallian. 
General  Account  op  the  Strata. 

Between  the  Oxford  Clay  and  the  Kimeridge  Clay  there  is  a 
variable  scries  of  rock-beds  that  are  well  shown  in  the  cliffa  near 
Weymouth,  and  extend  inland  to  the  neiiijhbourhood  of  Oxford. 
They  are  again  seen  at  Upware,  near  Cambridge  ;  but  over  chief 
part  of  the  area  from  the  north-east  of  Oxford  to  north  Lincoln- 
shire this  intermediate  formation  is  represented  mainly  by  clays. 
Further  on  in  Yorkshire  the  rock-bed'j  are  prominently  deve- 
loped ;  and  they  are  again  shown  in  the  far  north,  at  Brora,  in 
Sutherlandshire.  In  mass  this  division  consists  of  calcareous 
sandstone  and  sand,  termed  ^'Calcareous  Grit";  and  of  oolite, 
pisolite,  and  rubbly  coral-rock  known  as  "  Coral  Rag  " ;  but  in  the 
early  days  of  geology  the  clayey  equivalents  were  not  recognized 
as  part  of  the  series. 

Townsend,  who  derived  his  information  from  William  Smith, 
divided  the  beds,  in  1813,  into  Calcareous  Grit,  with  overlying 
Superior  Oolite.  The  latter  term,  however,  was  too  general  a 
one,  being  applicable  not  only  to  the  Portland  Stone,  but  to  the 
Great  Oolite ;  hence  Smith,  later  on  (1815-16)  spoke  of  the  beds 
as  Coral  Rng  and  Pisolite,  and  for  many  years,  even  to  the 
present  day,  the  name  "  Coral  Rag,"  as  adopted  by  Conybeare, 
has  been  need  for  the  formation  as  a  whole."^ 

Buckland,  in  1818,  divided  the  beds  into  Calcareous  Grit, 
Coral  Rag,  and  Upper  or  Oxford  Oolite ;  but  this  upward 
sequence,  derived  from  sections  near  Oxford,  was  of  very  local 

application.t 

A  more  general  classification  was  introduced  in  1829,t  by  John 
Phillips,  who  divided  the  beds  in  Yorkshire,  as  follows : — 

Upper  GalcareouB  Grit. 
CoralUne  Oolite. 
Lower  Calcareous  Grit. 

These  subdivisions  were  adopted  by  the  Geological  Survey,  for 
the  strata  from  Dorsetshire  to  Berkshire,  although  in  the  process 
of  mapping,  the  three  portions,  or  distinct  representatives  of  them, 
could  not  always  be  identified* 

D'Orbigny  had,  in  1849,  proposed  the  name  Corallian  for  the 
formation,§  and  this  is  now  generally  adopted ;  because,  as  a 
group-name,  it  is  better  than  that  of  Coral  Rag,  for  the  variable 
fltrata  that  occur  between  the  Oxford  and  Kimeridge  Clays. 

*  Conybeare  and  Phillipi,  Geol.  England  and  Wales,  1822,  p.  185. 

t  Table  appended  to  the  Geology  of  England  and  Walef ,  by  William  Phillips, 
1818. 

X  Geology  of  Yorkshire,  Part  I. 

I  The  name  Corallian  was  taken  from  the  ccdcaire  corallitn  of  Thurmain, 
D*Orbigny,  Pal.  Fran^aiss,  Terrains  Jarassiqaen,  Tome  i  p.  609. 
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Our  present  knowledge  of  the  Corallian  Beds  is  most  largely 
due  to  the  researches  of  Prot  J.  F.  Blake  and  Mr.  W.  H. 
Hudleston,  who^  in  1877,  gave  a  very  fuU  description  of  the  strata 
and  their  fossils.*  They  showed  the  need  of  adopting  local 
stratigraphical  divisions,  so  that  the  natnre  of  the  beds  and  their 
changes  might  be  better  understood.  In  Yorkshire,  especially, 
the  threefold  division  of  Phillips,  was  found  to  be  inadequate,  and 
in  Dorsetshire  other  very  local  divisions  were  found  necessary, 
and  to  these  reference  will  subsequently  be  made. 

In  our  area  from  Dorsetshire  to  Lincolnshire*  two  broad 
divisions  can,  as  a  rule,  be  made  in  the  Corallian  Beds. 

The  lower  portion  includes  occasional  beds  of  clay,  but  consists 
mainly  of  calcareous  sandstone,  and  of  sands  with  large  doggers 
or  concretionary  masses  of  sandstone.  Small  pebbles  of  lydite 
occur  in  certain  localities. 

The  upper  portion,  which  on  the  whole  is  more  variable  in 
character,  comprises  a  series  of  limestones,  oolitic,  pisolitic,  and 
shelly,  with  beds  of  coral-rag  and  occasional  sandy  and  clayey 
beds. 

The  Corallian  Beds  may  thus  be  grouped  as  follows : — 

IT  r  Upper    Calcareous    Grit,   Upper "|      Zone  of 

P      \v  1      Coral  Rag  and  Ironstone.  >  Ammonites 

vx)raman,       ^Coral  Rag  and  Coralline  OoUte.    J    plicatilis. 

r  ^  r    ^°®  ^^ 

/-.      .1-  r  Lower  Calcareous  Grit    -  -l    Ammonites 

^  L  pcTarmatus, 

Where  fully  developed,  as  in  Dorsetshire,  the  total  thickness  of 
the  series  is  about  200  feet  In  parts  of  Wiltshire,  it  is  about 
100  feet,  and  the  thickness  diminishes  as  we  proceed  into 
Oxfordshire. 

In  Dorsetshire  there  is  perfect  conformity  between  the 
Corallian  Rocks,  and  both  Oxford  and  Kimeridge  Clays.  As  the 
beds  are  traced  through  Wiltshire  into  Berkshire  and  Oxfordshire, 
the  junction  of  Corallian  Beds  and  Oxford  Clay  remains  conform » 
able,  but  there  is  a  comparatively  abrupt  change  from  thgJ[]!oralIian 
Beds  to  the  Kimeridge  Clay,  and  near  Oxford  there  are  indica- 
tions of  some  pause  between  the  deposition  of  the  strata. 
Further  north  too,  where  the  rock-beds  are  but  thinly  repre- 
sented, there  may  have  been  some  local  erosion. 

Formation  of  the  Strata — Coral  Banks. 

Broadly  speaking,  the  formation  affords  evidence  of  sandy 
sediments,  followed  by  calcareous  shelly  beds,  current-bedded 
oolites,  and  coral-growths. 

Mr.  Hudleston  has  remarked  on  the  2)robability  of  oolitic 
beds  being  formed  in  one  area,  and  gritty  beds  in  another,  so 
that  oolitic  grains  were  sometimes  drifted.f  Thus  we  find,  as 
near  Highworth,  sandstones  with  oolitic  gruins.     There  is  also 

♦  Quart  Journ.  Geol.  Soc,  toI.  xxxiii.  p.  38J ;  Geol.  Mag.  1878,  p.  91. 
t  Proc.  G^eol.  Assoc.,  vol.  iv.  pp.  384,  385. 
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abuDdant  evidence  of  reoonstruction  among  the  upper  beds  in 
Berkshire,  where  pebbles  of  oolite  and  limestone  bored  by 
Litfaodomi^  as  well  as  lydite  pebbles,  occur  on  two  or  more 
horizons  in  the  strata. 

The  beds  altogether  exhibit  evidence  of  shallow  water.  Ripple- 
marks  and  worm-burrows  are  found  on  some  of  the  sandy  layers. 
Lignite,  too,  is  not  uncommonly  preserved  in  the  strata.  >  We 
have,  in  fact,  more  pronounced  indications  of  the  proximity  of 
land  than  we  find  elsewhere  in  the  ^  older  Oolitic  strata  of  (the 
south-west  of  Ei^land,  if  we  except  the  Inferior  Oolite  of  4he 
Mendip  Hills.  The  land^rea  probably  lay  to  the  south  or 
south-east. 

It  has  been  mentioned  that  in  the  Jurassic  rocks  there '  are 
occasional  Coral-banks  of  limited  extent,  but  little  or  no  evidence 
of  particular  reefs.*  The  term  *•  reef  "  has  however  been  applied 
by  some  geologists  to  the  lenticular  bands  of  Coral-rock  that 
occur  here  and  there  in  the  Lower  Oolites,  and  in  the  CoraUian 
Beds.  The  **  Coral  Ra^?,''  according  to  Dr.  Wright,  **  has  long 
been  considered  to  be  the  great  metropolis  of  Jurassic  Corals ; 
and  although  in  certain  regions  reef-structures  are  found,  the 
specimens  are  for  the  most  part  collected  from  beds  that  crop  out 
at  the  surface  of  arable  lands."t  These  remarks  apply  to  the 
celebrated  locality  of  Steeple  AshtOD,  in  Wiltshire;  Li  other 
parts  the  ''reefs"  described  by  Messrs.  Blake  and  Hudleston, 
.consist  of  bands  of  coral-limestone,  rubbly  coral-rock,  and  clay. 
Layers  of  large  masses  of  Tkamnastrcea,  Thecosmilia,  and  /mt^- 
trcea,  bored  by  Lithodomus,  are  met  with  here  and  there ;  and  the 
coral-rock  itself  is  often  changed  into  crystalline  limestone,  in 
which  the  organic  structure  is  no  longer  visible.  In  many  cases 
the  coi*aI-growth  was  in  situ,  in  other  cases  some  of  the  specimens 
appear  to  have  been  drifted. :(  Duncan  spoke  of  the  Corallian 
Beds  as  affording  evidence  of  the  last  ^' reefs"  of  the  British 
•  Area.§ 

The  association  of  oolite  and  Coral-reefs  in  modem  days,  has 
been  already  pointed  out ;  and  it  is  interesting  to  find  that,  as  is 
the  case  with  the  Inferior  Oolite  and  the  Great  Oolite,  there  are 
bands  of  coral-growth  associated  with  the  more  oolitic  beds  in  the 
Corallian  formation.  The  same  is  the  case  with  the  Lower  Lias  at 
Applecross,  in  Ross-shire.  Reference  has  also  been  made  to  the 
formation  of  Pisolite,  and  to  the  minute  tubular  structures  dis- 
covered by  Mr.  E.  Wethered,  and  which  he  has  referred  to 
Girvanclla,  \\ 

The  general  character  of  the  Corallian  Beds  is  shown  in  the 
diagram,  Fig.  56,  p.  107. 

*  Memoir  on  the  Lias  of  England  and  Wales,  p.  16. 

t  Proc.  Cotteswold  Club,  vol.  iv.  p.  154. 

J  Quart.  Journ.  Geol.  Soc.,  vol.  xxxiii.  pp.  288,  291,  293,  &c. ;   see  also  Fox- 
Strangways,  Jurassic  Rocks  of  Yorkshire,  pp.  898,  &c. 

§  Rep.* Brit.  Assoc,  for  1869,  p.  165. 

II  H.  B.  Woodward,  Memoir  on  the  Lower  Oolitic  Rocks  of  England,  pp.  14,  &o. 
Wethered,  Geol.  Mag.,  1889,  p.  196,  and  Quart.  Journ.  Geol.  Soc,  vol.  11.  p.  196; 
O.  F.  Harris,  Proc.  Geol.  Assoc,  vol.  xiv.  p.  59. 
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Microscopic  Structure  of  Coralhan  Rocks. 

•Microscopic  86CtioD8  of  the  rocks  have  been  examined  bj 
Mr.  J.  J.  H.  Teall,  who  reports  as  follows: — ^ 

In  the  Osmington  oolite  the  gp'ains  show  concentric  and  radiate  stmc- 
tura  with  GirMmdUa-stractnre  (P)  iu  the  iioolei  of  one  or  two  ■  ffrains. 
Quarts  graina  act  as  nuclei  in  seyeral  instances,  and  there  .ar^  small  blapk 
grains  scattered  through  some  of  the  oolite  grains.  Fragments  of  shells 
also  oocur^  and  the  matrix  is  of  clear  crystalline  calcite  and  calcareous 
mud. 

The  Todbere  f^reestone  showed  oolite  grains  with  ill-defined  structure, 
also  pellets,  quarts-grains,  &o.,  in  a  matrix  of  .fine-grained  crystcdline 
calcite. 

The  oolite  of  Westbury,  in  Wiltshire,  showed  pellets,  oolite  grains, 
Foraminifera,  &c.,  in  a  fine-drained  matrix  of  crystalline  calcite. 

The  oolitic  and  pisolitic  bmestones  of  Stower  and  Keeyil,  showed,  in 
addition  to  the  oolite  and  pisolite  ^lains,  organic  fragments^  &c.,  in  a 
matrix  of  crystalline  calcite.  Foraminifera  occur  at  Keevil,  and  some  of 
the  oolite  grains  are  compound. 

The  margin  of  some  of  the  pisolitic  grains  from  Stower,  shows  a  very 
minute  form  of  Girvaa^Z^o-structure,  and  a  similar  structure,  somewhat 
mere  obscure^  occurs  in  the  centre  of  some  grains.f 

Very  fine  G^^'rvaneZ^-structure  occurs  in  the  pisolite  of  Sturminster 
Newton.  Mechanical  picking-up  of  foreign  matter  must  also  have  played 
a  part  in  the  growth  oi  the  pisolite,  because  the  grains  contain  quarta- 
fhu^ments. 

&  the  limestone  of  Wheatley,  fragments  of  organic  remains^  and 
pellets  (of  Oftlcareous  mud  P)  occur  in  a  matrix  of  crystalline  calcite. 

In  the  Bencliff  Grits  of  Osmington,  and  in  the  Lower  Calcareous  G-rit 
of  Seend  and  Calne,  the  rock  consists  of  quartz-grains,  in  a  matrix  of 
crystalline  and  granular  calcite.  Organic  fragments  were  seen  in  the 
rocks  Arom  Seena  and  Oalne.  In  the  Benclifi*  rock,  the  quartz-grains  are 
angular. 

Li  the  Upper  Gorallian  sandstone  of  Highworih,  there  occur  in  addition 
to  quartz-grains,  oolite  and  pisolite  grains,  and  organic  fragments, 
cemented  by  calcite.     (See  p.  119.) 

The  top  hed  of  Coral  Bag  at  Bingstead  Bay,  an  iron-shot  earthy  lime- 
stone, showed  brown  grains  of  ferruginous  oolite  and  angular  fragments 
of  quartz  in  a  fine-gramed  calcareous  matrix. 

The  Iron-ore  of  Westbury,  in  Wiltshire,  showed  reddish-brown  oolitic 
grains  with  concentric  structure.  The  nucleus  in  one  grain  is  a  fragment 
of  another  grain.  The  matrix  is  yellowish-green,  and  contains  numerous 
small  detached  grains  of  colourless  calcite.^ 

Zones. 

The  Gorallian  Beds  may  be  divided  into  two  broad  palseonto- 
logical  groups — the  zones  of  Ammonites  perarmatus  and  A, 
plicatilis,^ 

As  before  mentioned  (p.  9),  Oppel||  included  the  Gorallian  Eocks  in 
his  *'  Oxford  Group,"  the  lower  zone  being  that  of  Ammonites  hiarmattte^ 
(equivalent  generally  to  that  here  grouped  as  the  Upper  Oxford  Clay,  or 
zone  of  A.  cordaius) ;  and  the  upper  zone  being  that  oi  Cidaris  Horigcmma, 
that  embraced  the  main  mass  of  our  Corallian  Bocks,  or  the  zones  of 
A,  perarmahts  and  A.  plicatilie, 

*  See  also  Sorby,  Quart.  Joom.  Geol.  See,  vol.  xxxv.  (Proc.)  p.  80. 
t  See  riate  I.  Fi^.  1,  in  Memoir  on  the  Lower  Oolitic  Rocks  of  England,  p.  27. 
j  See  Plate  II.  Fig.  12,  in  Memoir  on  the  Lower  Oolitic  Rocks  of  England,  p.  29. 
§  See  also  Fox-Strangways,  Jurassic  Rocks  of  Yorkshire,  vol.  i.  p.  301. 
[j  Die  Juraformation,  p.  624. 

^  A,biarmatu8,  Ziet.,  was  regarded  by  D'Orbigny  as  the  same  as  A»  perarmatus, 
Sow. 
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It  is  well  known  that  Cidaris  jflorigemma  prevails  in  the 
higher  portion  of  the  zone  of  A.  plicatilis  in  this  country,  and 
especially  in  the  upper  Coral  Rag ;  but  it  is  not  confined  to  that 
position.  On  the  Continent,  moreover,  two  "zones"  of  this 
Echinoid  have  locally  been  constituted^  so  that  its  vertical  range 
is  too  wide  to  render  it  of  particular  value  as  a  restricted  zonal 
index.  Corals  and  Echinoids  are  preserved  locally  according  to 
the  conditions.  Thus  it  is  that  we  find  an  '^  Upper  Coral  Bag  " 
in  some  places^  or  an  Upper  **  zone  "  of  Cidaris  Jlorigemma, 

Ammonites  perarmatus  is  conveniently  taken  as  marking  a  zone 
equivalent  to  the  Lower  Corallian  Beds,  although  it  does  occur 
also  in  the  Oxford  Clay  together  with  A.  cordatus.  Both  species 
moreover  have  been  recorded  from  Upper  Corallian  Beds. 

In  defining  the  boundary  between  Corallian  Books  and 
Kimeridge  Clay  we  must  be  guided  mainly  by  stratigraphies] 
considerations^  admitting  that  in  conformable  strata  the  actual 
boundary  may  be  taken  at  somewhat  varying  chronological 
horizons. 

Thus  some  difficulty  has  been  felt  in  the  Weymouth  district  in 

frouping  the  Upper  Coral  Bag  of  Osmington  and  the  Abbotsbury 
ronstone  with  the  Corallian  Beds,  because  the  fossils  show 
affinities  with  beds  that  on  the  Continent  have  been  placed  in  the 
Kimeridge  Group.  Damon  went  so  far  as  to  term  the  Upper 
Coral  Bag  the  '*  Kimeridge  Grit."* 

We  find  however  that  Continental  geologists  are  not  all  of  one 
opinion  on  questions  of  nomenclature^t  and  it  is  obviously  wrong 
to  alter  classifications  based  on  the  strata  developed  in  this 
country,  to  suit  the  varied  stratigraphy  of  different  districts  on  the 
Continent.  We  may  object  therefore  to  place  any  portion  of  our 
Corallian  Bocks  with  the  Oxford  or  Kimeridge  formations,  as  we 
object  to  include  our  Portland  strata  with  the  Kimeridge  Beds. 
Correlations  may  be  made  by  means  of  zones ;  and  zones  them- 
belves  may  be  grouped  together  irrespective  of  formations.  The 
zones^  however^  that  are  included  in  the  Oxfordian  group  should 
be  restricted  to  those  belonging  to  the  strata  that  gave  name  to 
the  group. 

The  zones  marked  by  Oppcl,  above  that  of  Cidarie  florigemma  were  (in 
ascending  order)  those  or  Dicerae  arieiina^  Astarte  BupracoraUinay  and 
Pterocera  oceani.  The  zone  of  Diceras  is  regarded  as  part  of  the  CoraUian, 
and  would  be  included  in  our  zone  of  Amrnonites  plicatilis.  The  zone  of 
Aitarte  being  based  on  a  limestone-fauna,  cannot  be  compared  with  oar 
formations,  suffice  it  to  say  that  it  contains  an  admixture  of  Corallian 
ard  Kimeridge  Clay  fossils  ;  and  if  the  beds  had  been  developed  in  this 
country,  they  would  doubtless  have  been  linked  with  the  GorsJlian.  The 
zone  of  Ftericera  oceani  contains  essentially  a  Kimeridge  Olay  fbuna,  and 
it  is  noteworthy  that  although  the  genus  has  been  recorded  from  the 
Abbotsbury  Ironstone,  its  identification  from  beds  in  this  country  is  now 
considered  to  have  been  erroneous.    (See  p.  152.) 

*  Geology  of  Weymouth,  1884,  p.  65. 

t  See  for  instance,  S.  KikitiD,  Die  Cephalopoden  fkuna  der  JurabildoDgen,  1884, 
pp.  72,  78.  He  therein  includes  the  Kimeiidgian  zone  of  Ammonites  cdtemans  in 
the  '*  Oxford  "  strata. 
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Organic  Remains, 

Among  the  fossils  of  the  Lower  Calcareous  Grit  perhaps  the 
most  remarkable  is  the  Ammonites  perarmatus,  which  occurs  more 
especially  in  Wiltshire,-  Berkshire,  and  Oxfordshire,  with  the 
cluunbers  only  preserved  in  the  form  of  casts.  Specimens  of  this 
kind  were  named  ^^  Ammonites  catena.***  The  interior  of  the 
Ammonites  was  filled  with  ferruginous  and  calcareous  mud  or 
sand,  and  the  shell  and  septa  have  subsequently  been  dissolved 
away,  leaving  only  the  casts  of  chambers  in  a  loose  form  or  linked 
together  so  as  io  resemble  a  rough  tapering  chain.  Ammonites 
cordaius  also  occurs  in  the  form  of  casts. 

Under  the  name  Rhaxella  perforata^  Dr.  G.  J.  Hinde  has 
described  certain  small  siliceous  sponges,  whose  skeleton  is 
entirely  built  up  of  aggregated  masses  of  minute  globate  spicules. 
Attention  had  previously  been  directed  by  Sorby  to  the  occur* 
rence  of  these  organisms  in  the  Corallian  Rocks  of  Yorkshire,  and 
subsequently  Prof.  J,  F.  Blake  noticed  the  same  forms  (under  the 
name  **  Renulina  sorbyana  *')  in  equivalent  rocks  of  Dorsetshire 
and  Wiltshire,  at  Sturminster  Newton  and  HiUmarton.t  The 
nature  of  the  detached  spicules  was  not,  however,  understood 
until  Dr.  Hinde  had  studied  them.^  He  observes  that  a  few 
Calcisponges  have  been  found  in  the  Coral  Rag  of  Lyneham, 
Wiltshire. 

The  •  more  noteworthy  fossils  in  the  Upper  Corallian  Eocks, 
include,  in  addition  to  the  Ammonites  and  Belemnites,  many 
Gasteropods,  such  as  Nerinceay  Chemnitziay  and  Bourguetia.  The 
large  Bourguetia  or  "  Phasianella  "  striata  appears  to  be  identical 
with  a  form  found  in  the  Inferior  Oolite  of  Cleeve  Hill«  near 
Cheltenham.  Beds,  rich  in  Trigonia  are  found,  and  of  these 
the  pavements  on  the  foreshore  near  Weymouth  are  striking 
examples.  Brachiopoda  are,  as  a  rule,  comparatively  rare  ;  and  it 
is  remarkable  that  few  Polyzoa  have  been  obtained. 

The  most  abimdant  of  the  Echinoderms  is  Echinobrissus 
scuiatus  ;  more  interesting  perhaps  are  the  clusters  of  Hemicidaris 
intermedia  that  have  been  found  at  Calne ;  while  among  other 
forms  Pygaster  vmbrella,  and  species  of  Pygurus  are  locally 
abundant,  and  spines  of  Cidaris  Jlorigemma  are  very  frequently 
met  with. 

Among  Corals,  the  "  Honeycomb  Coral "  Isasireea  explanata, 
80  abundant  at  Headington,  also  Thecosmilia  annularis,  and 
ThamnastrtBa  arachnoidesy  are  those  more  commonly  to  be 
obtained. 

Saurian  remains  are  rarely  found  ;  and  remains  of  Fishes,  such 
as  Aster  acanthus,  and  Lepidotusy  are  only  occasionally  met  with  in 
the  Corallian  Rocks. 

The  occurrence  in  the  lower  beds  of  Ammonites  cordatnsy  A, 
perarmatus,  Belemnites  hastatus,  Gryphcea  dilatata,  &c.  links  them 

*  See  Sowerby,  Mineral  Conchologj,  vol.  t.  p.  2 1 . 

t  Quart  Joum.  Geol.  Soc.,  vol.  xlvi.  p.  54  ;  Micros.  Joum.,  vol.  zr.  p.  S6S. 

X  British  Jurassic  Sponges,  pp.  198,  212. 
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with  the  Oxford  Clay  ;  while  the  occurrence  in  the  upper  beds  of 
Ammonites  decipiens^  A,  mutabilis^  Ostrea  delididea,  and  Rhyn- 
chonella  inconstans,  links  them  with  the  Kimeridge  Claj. 

The  common  and  characteristic  fossils  of  the  Lower  and  Upper 
Corallian  Beds  include  the  following  specie^^  but  they  are  not  all 
of  thera  con6ned  to  the  horizons  indicated  :-**- 


CoBALLiAN  Fossils. 


LoWEft 

Corallian.  • 

* 

Zone  (if  V*  <. 
Ammonites    - 
perarmatus. 


Uppsb 
qoraixian. 

piiaUHis. 


Ammonites  cordatus 

—  decipiens  -  -  - 
■         perannatas  (Fig.  25)  - 

— —  plicatilis  (Fig.  26) 

Nautilus  hezagonus  ... 

Belemiiites  abbn^viatus  (fig.  27) 

Bourgnetia  (PbasianeUa)  striata  (Fig.  26) 

Cerithium  muricatnm 
.  C^emnitxia  heddingtonensis  (Fig.  29) 
'CJylindrites  Luidi      -  -  - 

Littorina  muricata    ... 

Natica  coralltna        ... 

Kerinaea  Ooodhalli    ... 

Pleurotomaria  reticulata  (Fig.  30)    - 

Astarte  ovata  ... 

Cncullffia  coraUina    ... 

Exogyra  nana  (Fig.  84) 

Gertillia  aticuloides  (Fig.  35) 

Ghrjphsea  dilatata     ... 

Hinnites  tumidus  (Fig.  37)  - 

Lima  elliptiea  ... 

—  pecUniformis    ... 

—  rigida  .... 
Lithodnmus  inclusus 

Myacites  decnrtatus  ... 


.  I 


I 

1 


1 
1 
1 
1 


2 


3 


2 
2. 


2 

2 


^ 


2 

2 
2 
2 


t .  ■  ■ ". 


2- 

2 

2 
2 
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LOWVR 
CORALLIAH. 

Zone  of 

Ammonite's 

perarmatus. 


Uffer 
corallian. 

Zone  of 
Ammtmites 
plicatilis. 


Ostrea  gngaria  (Pig.  38)     - 

. 

1 

1             2 

soUtaria 

• 

1 

2 

Fecteo  artioalatiis  (P.  Timiacus)  (Fig. 

36)  - 

2 

— ^  fibrosns           -           -           - 

- 

1 

1 

lens     ... 

1 

1 

2 

1 

Peraa  mjtnoides      ... 

- 

— 

1 

2 

Pinna  petolina          ... 

- 

- 

2 

Trichitet       .... 

w                                  m 

- 

2 

Trigonia  claTellata  (Fig.  82) 

- 

— 

1 

1 

2 

—  Meriani  (Fig.  81) 

- 

- 

2 

—  monilifera  (Fig.  88)    - 

- 

2 

- 

1 

2 

Serpola  sulcata         ... 

•                                   «» 

— 

^ 

!'_• 

- 

1 

2 

Cidaris  florigemma  (Figs.  39,  40)    - 

m                                  m 

- 

1 

2 

Smithi  (Fig.  41) 

- 

2 

Echinobriflsos  leatatnB  (Fig.  42) 

•                                   m 

S 

Hemicidaris  intennedia  (Fig.  43)     - 

' 

- 

2 

Pygaster  umbrella    ... 

m                                  « 

- 

2 

C!omo»eiiB  irradians  (Fig.  45) 

- 

- 

2 

Iflastnea  ezplanata  (Fig.  46) 

m                                     M 

— 

2 

MontliTaltia  dispar  (Fig.  44  ) 

m                                      « 

1 

i             2 

ThanuMMtma  araohnoides  (Fig.  47) 

- 

- 

2 

^-^eoaeinna 

- 

_ 

^ 

TbeiMnilia  atmolaris  (lig.  48) 

2^ 

MIDDLE   OOLITIC  BOOKS   OF   ENOI.AND  : 
CORALLIAN  CEPHALOPOD8  AND   GaSTEROPODS. 

Fig.  2fl.  Fig.  28. 


Fio.  26.  AmmonitaB  perarmatui,  Bow.,  l- 

„    86.  pliofttilu,  Sew.,  i- 

27.  BelemniteB  BbbreTiHtns,  MiU.,  i. 
„    28.  Bourgn8tui("PhMiaMll»")Btri^,  Sow.,1. 

29.  Ohemiiit«i»  (PMndomelMi^  heddingtoneBsto,  Sow.,  f . 

30.  PUorotomarift  retwmlfttft  Bov).,i. 


COBALUAN. 
COBALLtAN  LaMELLIBBAKOHS 

Fig.  81. 


Iha.  SI.  Trigonia  Ueriani,  Ag.,  \. 

^    82. clsTelliLta,  Sow.,  \.  i 

II    83. monilifera,  Ag.,  \. 

^    84.  Exogjra  nana,  Bow.,  Kat. 

,,     35.  G«iTiUUftTiculoideB,j?ot0.,  \.  \ 


I  FiQ.  36.  Pecten  articnlfttoa,  BMo&i., 
Nat  BIBS. 
„    37.  Hinniwa  tnmidne,  ZiA,  f. 
„    38.  Ostrea  greguia.  Bote.,  Hal. 
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CORALUAN  ECHINOIDS. 

FiO.  89.  Fict.  41. 


Fio.  89.  Cidarb  florificemma,  Pfcil,,  1. 

„    *}. apine.  J. 

•.    41- Smith!,  Wrifht,  |. 

„    42.  EcbinobriBsua  scntetne,  Lam. 
,t    43.  Hemicidftru  intonnedia,  f^. 


CORALLIAV. 

CORALLIAN   COBALS. 

Fig.  44.  Fro.  45. 


Fio.  44.  Uontlivaltia  diapftr,  Phi3. 
„    4-5.  ComoaeriB  irrttdiaiiB,  if.  EAw. 
„    46.  IsMtrtea  esplanaU,  Gcidf.,  \. 
„    47.  Thamnaatrnaarftolinoideg,  Parjfe., 
„    48.  Thecosmilia  amralaria,  J*Iein.,  }. 
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CHAPTER  VI. 

coballian. 
Local  Details, 

Weymouth. 

Nowhere  in  our  district  are  the  Corallian  Beds  so  well  exposed 
as  in  the  neighbourhood  of  Weymouth.  They  are  shown  in  the 
cliffs  that  extend  from  the  Nothe  Fort  at  Weymouth  to  Sandsfoot 
Castle,  and  also  for  a  short  distance  along  the  shores  of  the 
East  Fleet  They  are  again  displayed  in  the  cliffs  that  extend 
along  the  northern  side  of  Weymouth  Bay,  past  O^mington  to 
Bingstead  Bay.  Throughout  they  furnish  rich  fossil-beds,  and 
they  have  naturally  attacned  much  attention  from  geologists. 

Sedgwick,  in  1820,  examined  the  strata,  and  subsequently  gave  a  short 
acconnt  of  the  principal  subdiyisions  ;  he  also  noted  that  certain  fossils 

Kssed  from  the  Oxford  Clay  to  the  "  Coral  Rag,"  and  from  the  "  Coral 
ig  **  to  the  Kimeridge  Clay.* 

Fitton,  in  1827,  briefly  referred  to  the  beds  as  "  Weymouth  Strata,  and 
Oxford  Oolite,*'  the  term  Weymouth  clay  and  sand  being  applied  to  the 
upper  portion  of  the  Corallian  Series.  He  also  gave  a  short  list  of  fossils 
from  tne  neighbourhood  of  Weymouth,  f 

A  more  particular  account  of  the  formation  was  given  in  1830  by 
Baokland  and  De  la  Becho,  who  described  the  beds  as  "  Coralline,  or 
Oxford  Oolite,  and  Calcareous  Grit."^ 

Bobert  Damon,  in  1860,  gave  a  general  account  of  the  rocks  and  fossils, 
and  this  he  considerably  amplified  in  1884.§ 

In  the  meanwhile,  in  1877,  Messrs.  Blake  and  Hudleston  published 
their  ftdl  and  excellent  account  of  the  Corallian  Bocks ;  and  therein 
described  and  named  the  chief  subdivisions,  near  Weymouth,  with 
particular  lists  of  their  fossils.  || 

Adopting  the  names  given  by  Messrs.  Blake  and  Hudleston  for 
the  local  divisions  of  the  Corallian  Srocks,  we  have  the  following 

sequence: — 

Ft.  In.      Ft.  Ih. 
Kimeridge  Clay. 

fUpper  Coral-rag  and  AbbotsO 
Dury  Iron-ore  -  - 1 

Sandsfoot  Grits  (named  from  >>15      0  to  25      0 

Upper  Corallian  ^     ^^^^^^T'"'^  r'""  '[ 

Sandsfoot  Clay 

Trigonia  Beds  -  .  . 

Osmington  Oolite 
''Bencliff  Grits    (named    from 
Bencliff,    south    of     Wey- 
mouth) .  -  - 

Nothe  Clay  (named  from  the 
Nothe  Fort,  Weymouth) 

^Nothe  Grits      -  -  . 


Lower  Corallian  < 


Oxford  Clay. 


12 

0  to  40 

V 

0 

12 

0  to 

16 

0 

45 

0  to  60 

0 

10 

0  to 

35 

0 

80 

0  to 

40 

0 

20 

0  to 

35 

0 

*  Ann.  Phil.,  toL  xzTii.  (ser.  2,  yd.  xi.)  p.  846. 
t  Tians.  Geol.  See.,  ser.  S,  toI.  It.  pp.  105,  232. 
t  Ibid.,  p.  24. 

§  Geology  of  Weymouth,  1860,  ed.  2, 18S4. 
II  Quart.  Joum.  Geol.  See.,  ^ol.  zxziii.  p.  262. 
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Although  the  subdivisions  vary  much  in  thickness^  the  total 
thickness  of  the  Corallian  Series  at  Wejmouth  and  Osmington 
appears,  according  to  my  measurements,  to  be  much  the  same — 
about  200  feet — the  actual  thickness  recorded  at  Weymouth  being 
196  feety  and  at  Osmington  203  feet.  Some  of  the  subdivisions 
shade  one  into  the  other  so  that  there  is  no  marked  plane  of 
division  between  them>  and  varying  thicknesses,  as  in  the  case  of 
the  Bencliff  Grits  and  Nothe  Clays,  may  be  assigned  locally  to 
each  of  them. 

Conmiencing  on  the  western  side  of  Bingstead  Bay  and 
proceeding  towards  Osmington  Mill^  we  find  low  clifis  of  Kimeridge 
Clay  (blue  clays  that  contain  layers  of  Ostrea  deltaidea,  and  a 
band  of  shelly  limestone  with  Exogyra  nana,  &c.)  capped  in  places 
by  gravel.  Underlying  the  Kimeridge  Clay,  a  thin  band  oi  grey 
eatthy  and  iron-shot  limestone  crops  out  to  the  east  of  the 
plantation  and  to  the  west  of  the  boat-house ;  it  is  partially  slipped 
and  al»o  slightlv  faulted  and  repeated  in  places.  This  is  the 
**  Kimmeridge  Grit "  of  Robert  Damon ;  the  "  Upper  Coral  Rag  " 
of  Blake  and  Hudleston.  It  is  a  richly  fossiliferous  bed  from 
which  there  is  no  difficulty  in  obtaining  many  fossils.*  Teeth, 
scales,  and  coprolites  of  Fishes,  and  remains  of  Asteracanthus 
omatissimus,  are  recorded  by  Damon ;  and  Prof.  Blake  has 
found  Eryma  Babeaui,  and  other  fossils  mostly  obtained  from  the 
'*  Kimmeridge  Passage-beds  "  near  Sandsfoot  Castle. 

This  interesting  bed  is  sometimes  concealed  by  slips  or  by  recent 
marine  accumulations,  and  the  details  of  the  strata  down  to  the 
Trigonia  Beds,  were  not  clearly  to  be  noted  during  my  visit  in 
18^.  The  bed  may  however  I>e  traced  in  places  along  the  upper 
part  of  the  cliff  to  the  flag-staff  belonging  to  the  Coast-guard 
station^  a  little  east  of  Osmington.  A  Uttle  below  this  point  I 
saw  the  bed  in  1893,  when  in  company  with  Mr.  Strahan. 
Underlying  this  fossiliferous  bed,  there  are  very  ferruginous  beds, 
clays  with  bands,  of  nodular  ironstone  (equivalent  probably  to  the 
Abbojksbury  iron-ore),  and  these  rest  on  one  or  two  bands  of  red 
calcareous  sandstone  with  Belemnites  (Sandsfoot  Grits),  below 
which  are  the  Sandsfoot  Clays,  not  clearly  exposed. 

From  the  base  of  these  clays  the  sequence  is  well  shown  down 
to  the  Nothe  Grits,  in  the  cliffs  and  in  the  ledges  on  the  foreshore 
extending  westwards  to  the  cascade  near  Osmington  Picnic  Inn. 

The  beds  rise  a  little  in  a  gentle  anticlinal  to  the  west  of  this 
point,  where  they  are  faulted  against  the  Kimeridge  Clay,  &c. 
The  sequence  is  generally  similar  to  that  of  the  Weymouth  Cliffs, 
shown  in  Fig.  49,  p.  83. 

The  sequence  from  Ringstead  Bay  to  near  the  Cascade  at 
Osmington  is  as  follows : — 


♦  The  specimens  obtained  by  myself  arc  included  in  the  list  on  p.  95.  Lists  have 
been  published  by  B.  Damon,  Geology  of  Weymouth,  1884,  p.  65 ;  J.  F.  Blake, 
Quart.  Journ.  Geol.  Soc.,  vol.  xxxi.  p.  214 ;  Blake  and  Hudleston,  ibid,,  vol.  xxxui. 
p.  272 ;  and  W.  Waagen,  Versuch  einer  allgemeinen  Classification  der  Schichten 
des  ober<m  Jura  (Munich),  1865. 
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8d 


P 


Upper  Ooral  Rag 

and  Sandsfoot 

Grits. 


Trigonia  Beds     -< 


Ft.   I». 

Clay  with  layers  of  Ostrea  d^toidea, 
Bhynchonella  ineonstanB,  SerptUa  tn- 
V       :j      ni       J      tesHnaliB,  &o, 
Kimeridge  Clay -^  3^^^  ^f  ^y^^y^^  limestone  with  Exoffym 

noma. 
^Clay        -  ...  .  -20 

Grey  earthy  limestone.    Fossil-bed      -      0      6 
Fermginous  beds :  clay  with  bands  of 
f      nodular  ironstone,  and  gritty  calca- 
I      reous  bands.    Ostrea  deltoidea  •    14      0 

j  Bed  grits  (one  or  two  beds)  and  grey, 
[_    g^tty,  and  sandy  beds         -    2    0  to      4      0 
Sandsfoot  Clay  -    Clays  with  0.  deltoidea  -  10    0  to    12      0 

Grey,  and  more  or  less   iron-stained 
and  oolitio  limestones,  with  abundant 
fucoidal  marking ;  divided  in  places 
by  4  ft.  of  yellowish-grey  oolitic  marl, 
and  thin  clay  bands ;  with  AtMnO' 
nites,  Ostrea  eoliUMriat  Pecten  fihr09ti$, 
Pema  myiiloideafPholadamya  oequcUie, 
^^^  Trigonia  Meriani,  T.  cla^dlaia,  &c.  -    16      9 
*^ubbly  and  nodular  limestones,  alter* 
natinff  with  bands  of  oolite  (more  or 
less  »ielly),  oolitic  marl,  and  occa- 
sional pisolite,  the  most  conspicuous 
band  of  pisolite  being  about  6  feet 
from  the  base.     Pecterif   Ghemnitzta, 
Nerincea,   Oitrea,    Trigonia,  EckinO' 
hri89U8  dimidicUue,  and  plant-stem.        • 
The  basement-bed  is  a  calcareous  and 
oolitic  grit,  with  tubiform  and  fucoi- 
^^  dal  markings  -  -  -    about    60      0 

^rown  false -bedded  sands,  with  large 
concretionary  masses  of  calcareous 
sandstone,  or  *'  Doggers/'  and  flagjD^ 
beds,  showing  ripple-marks,  with 
laminated  play  and  sand,  and  seams 
of  carbonaceous  clay :  seen  to  a  thick* 
ness  of-  -  -  -  -    11      6 

^'Clays  [the  full  thickness  of  these  clays 
could  not  here  be  estimated,  owing 
to  the  junction  with  the  overlying 
Bencliff  Grits  being  hidden  by  slij)s ; 
and    the    beds    are    at   one   point 
faulted]. 
[Greyish  calcareous  grits,  shales,  marly 
I      clays  with  bands  ofnodular  calcareous 
<      sandstone:    Oryphcea  dilcUata  abun- 
j      dant,  Ostrea,  Serpula,  &c.     Seen  to 
[_    depth  of  -  -  -  -     12      0 


OsmingtOQ  Oolite^ 


Bencliff  Grits     -•« 


Nothe  Clay         -< 


Nothe  Grits 


West  of  OsmiDgton,  in  the  cliffs  of  Black  Head^  we  again  have  a 

fand  exhibition  of  the  Corallian  Beds^  surmounted  by  the  dark 
imeridge  Clay.  The  beds  occupy  a  synclinal  curve,  faulted  on 
the  eastern  side  against  the  Kimeridge  Clay,  where  the  lowest 
beds  seen  (west  of  the  fault)  are  the  Bencliff  Grits.  Westwards 
the  entire  sequence  may  be  seen  down  to  the  Oxford  Clay,  while 
on  the  foreshore  the  beds  are  well  exhibited  in  the  ledges  formed 
by  the  Trigonia  Beds,  the  Osmington  Oolite,  &c.,  which  inia 
westwards  curving  slightly  inwards  towards  the  cliffs. 
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Immediately  west  of  the  steps  leading  to  the  beach  &om  the 
Picnic  Idd,  there  are  indications  of  the  upper  Corallian  Bede, 
although  at  timea  they  are  almoet  entirely  concealed  by  elipped 
masses  of  the  Kimeridge  Clay.  The  beds  are  more  or  less  veined 
with  calc-«par  (the  result  of  disturbance),  and  the  Belemnites  and 
Lamellibranchs  are  occasionally  beat.  The  lower  Corallian  Beds 
down  to  the  Osmington  Oolite  occur  sucoessirely  on  the  fore- 
^ore. 

Fro.  50. 

Section  of  the  Cliff  west  of  Black  Head,  near  Oimington,  Dorset, 


4.  BeneliffOriU. 
9.  Nothe  CUty. 
9.  Nothe  Oriu. 
I.  OiIafAClAj. 


The  SecdoD  of  the  CoraUian  Beds  in  the  clifib  of  Black  Head, 
-west  of  Osmington,  is  as  follows : — 


fBlae  olaya. 

I  Band  of  grittv  limestone  with  Eaogyra 
Kimeridge  Olay  -<      nana,  Ber^iua,  &c. 

ClajH  with  Oitrea  ddtoidea,  Rhyneho- 
[_    nella  tncotufoiu,  &o.   -  -  -      3 

Dpp.r  C^  B.g{  «'iS.|£Lr«r.""oSS3";     0 

fClaya  with  ironstone  nodales,  gritty 
I      oalcareouB  bands,  and  oement  stones : 
0»lreadeUoidea,Bhynt}i<malla.  Thick- 
I      neBB  Tariable  from  about     •    6    0  to    12 
Sandsfoot  Grits  -<(  Red,  bronn,  and  greenieh-^rey  oolidc       • 
and  calcareous  and  f  erragmona  aand- 
Etones,    with   qnortz-gramg ;    Oitrea 
deltoidea  (in  layers),  Beltmnites,  Ber- 
.      jmla.  &a.  -  -  .  '.      7 

'Blujab-grey  clay  with  layers  of  Oitm 

deltoidea  •  •  •  -    11 

Sandy    and    ferraginons    clays,    with 

Bandy  iron-shot  nodules         -  -      4 

Blnish-gre;  marl;  clay  with  pale  earthy 

cement  stonea :   Oiirea  deltoidea  •     10 

'Red,  grey,  and  pnrpliah-oolonred  oaU 
careoTiB  fritty  and  fermginons  rocks, 
in  irregnJor  beds,  shelly  and  sparry, 
and  more  or  less  oolitie,  with  Mnos 
of  oolitic  marl  and  clay :  Ammonite* 
plieatilit,  Nortwea,  OervilUa,  Trigo- 
nw  clavellala,  and  Corals      -  •    14 


Bandsfoot  Clay 


Trigonia  Bede 


corallian:  weymouth. 


87 


Osmington  Oolite •< 


Beiicliff  Grits 


Nothe  Clay 


Nothe  Grits        -^ 


Oxford  Clay 


Irrcgnlar  bluish  ncxlular  uolicio  lime- 
stones  and  marli<,  with  CkemnitziO' 
l»ed  in  npper  part,  th^it  forms  a  pro- 
minent Avhitish  ridge  aloii^  the 
foreshore.    Ammonites,  Flottrotomaria 

Shelly  oolite  and  oolitic  marly  clays     - 

Clays  and  nodular  earthy  limestones 
(thicker  in  ))liicc8)       -  -  - 

Oolite,  shtlly,  ferraginous,  and  pisolitic 
(at  hase) :  (istrea,  plant- renmins.  and 
tnbiform  niurkings     ... 

Bluish-grey  oolitio  marl,  with  imper- 
sistent  band  of  pale  earthy  limestone 

False-bedded  oolite  with  shelly  layers, 
Fectcn,  and  vertical  tubiform  mark- 
ings at  base     -  -  -  - 

Oolitic  marly  bed  ... 

False-bedded  shelly  oolite,  with  tubi- 
form markings  ... 

Rnbbly  earthy  limestones  and  marls, 
oolitic  in  places  -  -  - 

Grey  iron-shot  oolite  and  pisolite 

Marly  oolitic  clay,  with  irregular  band 
of  sandy  and  shelly  oolite 
I  Jjaminate'd   sands  and  clays,   and  in-^ 
I      durated  yellow  sands,  with  doggers 
-  -[      of    hard   blue   calcareous  sandstone 
I      (some  G  feet  in  diameter) 
l^  Flaggy  grits 
^/Hluish   sandv  clays:  Ostrca,   l^leuroto- 
'\     mar  la,  and  Ser}nilH,  near  base 

Alternations  of  irregular  and  rubbly- 
looking  calcareous  grits  (much  iron- 
stained),  and  bluish  marly  clay 

Bluish-grey  marly  cLiy  - 

Bluish  and  yellowish-grey,  slightly  cal- 
careous sandstones,  with  impure 
cenient-stonc nodules;  fucoidal mark- 
ings on  the  surfaces  of  the  l)cds,  the 
top  layer  a  massive  shelly  l>ed,  Gnj- 
/ih^a  Jilafata^  rieurotouuiria,  &c. 

Bluish-grey  clay,  with  calcareous 
nodules  near  top. 


Ft.    In. 


10 

0 

0 
6 

6 

{) 

G 

6 

2 

0 

9 
0 

0 
V) 

1 

{) 

10 

0      i) 


10      0 


40       0 


12      0 
H      0 


i:>      0 


The  total  thickness  of  the  Corallian  Beds  is  here  seen  to  be 
about  203  feet. 

The  junction  of  the  Ben(*Hft'  Grits  with  the  beds  above  .•ind 
below  was  well  shown  in  a  ravine  on  the  western  side  of  Bl  lek 
Head.     (See  Fig,  50.) 

Passing  the  anticlinal  of  Oxford  Clay,  we  come  again  upon  the 
Nothe  Grits  and  Clays  on  the  e:istern  side  of  RcdclifF  Point,  and 
rounding  the  headland  of  faulted  Oxford  Clay,  we  come  to  Red- 
cliff,  the  upper  part  of  which,  formed  of  tlie  Osmiiigton  Oolite 
resting  on  the  lk»ncliff  (irits,  has  a  brown  or  yellowish-brown 
appearance.  The  beds  appear  to  be  slightly  faulted  (or  hlipped) 
on  the  west,  and  the  cliffs  exhibit  the  strata  down  to  the  Oxford 
Clay.  They  are,  however,  not  very  accessible,  an<l  the  strata  in 
the  central  portion  of  the  cliff  are  much  obscured  by  slips. 
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On  the  shore  here,  as  also  to  the  east  of  Osinington  cascade, 
wc  find  many  tumbled  Doggers  from  the  Benclitf  Grits,  huge 
masses    of    calcareous  sandstone  from   IJ  to  6  feet  or  more  in 
diameter,  and  of  various  forms,  some  having  an  irregular  bulging 
shape,  and  others  of   a  flattened  spheroidal   form   with  protu- 
berances   and    hollows.     Sometimes   they  exhibit   false-bedding 
with  oblique  layers  capped  by  horizontal  layers.     Small  cavities 
here  and  there  in  the  rock  are  due  to  the  dislodgment  of  iron- 
pyrites.     The  grits  which   contain    shelly  layers  with  Lamelli- 
branchs,  are   here  much  thicker  than  further  east,  and  present 
a  section  somewhat  similar   to  that  seen    at    Bcncliff,  south  of 
Weymouth.     These   beds  appear  to  merge  downwards   into  the 
Nothe  Clays  which,  as  at  Weymouth,  contain  indurated  bands  of 
sandy  limestone. 

At  RedcliflF  the  Nothe  Grits  comprise  about  20  feet  of  massive 
beds  of  brown  calcjireous  sandstoue,  more  or  less  concretionary, 
with  some  nodules  or  doggers  of  calc-grit,  also  fucoidal  markings, 
and  a  clayey  division  about  4  feet  thick.  The  beds  here  yield 
Ammonites,  Chemnitzia,  Gri/phcea  dilatutay  Homomya,  Mi/acites 
securiformis,  Ostrea  gregaria,  Pectcu  Jibrosus,  &c.  The  junction 
with  the  Oxford  Clay  is  well  shown  as  follows  : — 

Ft.  In. 
Nothe  Griths. 
rSandv    clays    with     hard     limcBtonc 
I      nodnles :  passing  down  into  indurated 
n^f^^A  nuxT  J      calcareonB  clay  -  -  -      i      o 

uxtora  uiay        -<  Blaish-grey  sandy  clay  with  thin  band 

of  earthy  limestone. 
^Blue  clay. 

Passing  to  the  south  side  of  Weymouth  Harbour  we  find  the 
Nothe  Grits  exposed  above  the  Oxford  Clay  in  the  brickyard  to 
the  west  of  the  Union  Workhouse.  The  sandy  and  slightly 
calcareous  clay  resting  on  the  Nothe  Grits,  has  been  dug  for 
brickmaking,  but  the  upper  part  of  the  clay  contains  too  many 
fossils  to  be  a  good  brickearth.  These  Lower  Corallian  Beds 
extend  along  the  slopes  to  the  Nothe  Point.  They  consist  of 
sands  and  calcareous  grits  with  quartz  grains  and  fucoidal 
markings.  They  are  overlaid  by  the  Nothe  Clay,  here  about 
30  feet  thick,  which  extends  along  the  Nothe  promontory,  and  the 
Grits  are  exposed  beneath  them  on  the  foreshore  to  the  south  of 
the  Nothe  Fort. 

A  well  sunk  through  the  clays  near  Rod  well  House  obtained 
from  the  Nothe  Grits  suflScient  water  to  supply  a  great  part  of 
old  Weymouth. 

The  Nothe  Grits  here  yield  Belemnites,  Chcmnitzia,  Gryph<Ba 
dilatatayPholadomya,  Myacifes  deciirtatus,  Ostrea^Pccten^  Trigonia^ 
Lignite,  &c. 

The  Nothe  Clay,  consisting  of  bluish-grey  marly  and  shaly 
clays  with  indurated  bands  of  calcareous  sandstone  and  selenite, 
is  exposed  in  the  little  bay  south-west  of  the  Nothe ;  here  the 
thickness  is  estimated  at  40  feet  by  Messrs.  Blake  and  Hudleston. 
'Jlie  beds  yield  Belemnitesy  Ostrea,  Pectin  Jibrosusy  Thracia,  &c. 


COUALLIAN:   WEYMOUTH. 


Towards  Boncliff  (ur  Binclcave)  these  clays  are  o 
ihfi  BencUtf  Grits  and  Osinin^lon  Oolite,  in  the 
sequence : — 


crliiid   by 
following 


Otiraingtoii  Oolite 


Hani  j'ucoidul  bc-d  uith  scattered  oolitii' 

grains 2      " 

Fucoidal  gritty  bods,  with  cluyev  no- 

dulcB    -            -            -           -    ■        -      4      0 
Pule  grey  c^irtfay    nodular   bi'dii    niid 
Muiwh  c'liiy-     ■            ■            ■            -     12      <> 
,  ilard  blind  of  culoureous  Handiitoni'        -       I       G 
"\  llrown  sihiid  nitd  FaiidBtmii',  with  Ktrcaks 
•if    luniinuti'd  cLiy,   Incoming   niuro 
cluyuy  towiirda  the  b.iBC,  where  tbcro 
I      cjccur    hard    doggers    of    cnlcnri'ouB 
L      *;imristr>n< 18        U 

JCotho  Clay         -     BInn  I'loy- 

Procoedinp;  soullivvurJs,  the  Odmington  Oolite  with  Chrmnilzin 
heddingtoiiensis,  follows  on  in  upward  succession,  siirmoutitcd  by 
the  Tngonia  Bed.",  and  tliese  furtn  tho  foreehorc  of  the  Western 
Ledgca,  und  wi^  walk  for  some  di:-tance  over  a  pavemcut  of 
Trigonias,  like  that  exposed  in  places  beneath  thu  cliffs  of  Black 
Head,  Osmington.  Triijimla  rlavellnta  is  th<^  more  abundant 
(brni,  and  slabs  containing  .Id  or  40  specimens  have  been  obtained 
from  near  Odoiington."  Much  time  and  labour  have  been 
expended  in  cleaning  them,  and  it  is  by  no  moans  ca?y  to  obtain 
a  jwrfect  cxani{>le  from  the  exposed  portions  of  the  stratn. 

The  Trigonia  Beds  jire  overlaid  by  the  S:indsfoot  Clay,  well 
seen  in  Castle  Cove  north  of  Siuidsfoot  Castle,  and   cxposcJ  also 


iSection  sontk  i/f  Saiuls/oct  Castle,  Sl'ei/moitth. 


(4.  Itvd  mill  bruwii  fi'TtiiginooK  suiid  hikI  Haudaliinon.  ]      ^     j  r 
a.  Blue  Kiindj  clay,  G  f.^el.  \        r  ■.« 

2.  Jtuil  and  lironii  forrii{{itnin«  siiiiiiHlolies,  U  fwt.   J 
I.  IHiiu  tondy  clay  ...  -     SiiiidKtcot  ( 


•  Sea  J.  Biiekmiiii,  Trans,  Dorset  K 
to  DamoD'H  Geologf  of  Weyiuoiitb,  I 
Nat.  Elist.  Club,  vol.  iii.  p.  111. 
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in  the  cliffs  to  the  north  and  south.  The  Sandsfoot  Clay  yields 
the  Kiraeridge  oyster  (Ostrea  deltoidea)  in  abundance,  and  was 
indeed  included  with  the  Kiiiieridge  Clay  by  Sedgwick.  It  is, 
however,  more  consistent  with  the  stratigraphy  to  include  the 
overlying  Red  Grits  with  the  Coral lian,  on  the  same  principle  as 
wc  include  the  Nothe  Grits  in  that  series ;  the  one  having 
Ivimeridgian  and  the  other  Oxfordian  aflSnities. 

The  Sandsfoot  Grits  form  the  somewhat  striking  though  low  cliffs 
at  Sandsfoot  Castle.  (See  Fig.  51,  page  89.)  They  are  divided 
by  a  band  of  blue  sandy  clay  about  6  feet  thick,  that  yields  O. 
deltoidea^  and  might  in  places  be  confused  with  the  thicker  band 
of  Sandsfoot  Clay  below.  As  remarked  by  Messrs.  Blake  and 
Hudleston,  these  beds  "  are  so  coloured  by  iron  in  various  combi- 
nations and'  states  of  oxidation,  as  to  seem  nnich  richer  in  that 
metal  than  they  really  are." 

Curious  fucoidal  markings  or  branching  stem-like  forms 
traverse  both  bands  of  the  Sandsfoot  Grits.  Referring  to  these, 
Messrs.  Blake  and  Hudleston  speak  of  **  the  strange  interlacing 
f ucoid  or  sponge-growths,"  which  **  weathering  out  in  a  purplish 
tint  upon  a  greenish  ground,  give  a  very  curious  aspect  to  the 
surface ; "  and  they  conclude  that  here  we  have  *'  the  actual 
spot  on  which  colonies  of  fucoids  and  sponges  luxuriated."*  So 
far  as  I  am  aware,  no  organic  structure  is  to  be  detected  in 
these  fucoidal  and  branching  structures.  They  are  found  here 
and  there  in  many  formations  ;  in  the  Corn  brash,  in  the  Purbeck 
Beds  (see  p.  233),  and  in  the  Red  and  While  Chalk  of  Hun- 
stanton. The  origin  of  the  so-called  Spongia  paradoxica  of 
Hunstanton,  has  been  discussed  by  Prof.  Hughes,  who  considered 
that  the  structure  was  due  to  concretionary  action. f  It  presents 
appearances  similar  to  those  of  the  fucoidal  markings  in  the 
Sandsfoot  Grits,  but  these  must  still  remain  enigmas,  for  the 
absence  of  definite  organic  structure  in  such  markings  is  not 
considered  to  be  proof  ot  inorganic  origin. 

The  Sandsfoot  Grits  overlie  the  Sandsfoot  Clay  on  the 
southern  side  of  Bencliff,  and  they  are  slightly  faulted  at  the 
gap  in  Castle  Cove  and  again  to  the  south  of  the  Castle.  As 
we  proceed  to  Small  Mouth  the  beds  are  overlaid  by  the  Kimeridge 
Clay,  which  contains  fossiliferous  ironstone-nodules  near  the  base  ; 
but  the  state  of  the  cliffs  at  the  time  of  my  visit  obscured 
nil  evidence  of  the  Fossil-bed  (*' Kimeridge  Grit")  that  at 
Osmington  marks  the  top  of  the  Corallian  Beds. 

Mr.  E.  T.  Newton  obtained  remains  of  a  Crocodilian  jaw  from 
the  Sandsfoot  Grits,  west  of  Sandsfoot  Castle.  It  was  found  in 
a  block  together  with  Goniomya  literata  and  Pinna  lanceolata.X 

The  general  section  of  these  beds  from  near  Small  Mouih 
northwards,  may  be  stated  as  follows : — 


*  Quart  Jouni.  Geol.  Soc,  vol.  xxxiii,  p.  271. 
t  Ibid.,  vol.  xl.  p.  273. 
X  Ibid.,  vol.  XXX iv.,  p.  400. 
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Sandsfoot  Grits 
(See  Fig.  61.) 


< 


Kimeridge  Clay. 

f  Red  and  ))rowii  femigiiious  Siiiids  and 

sandBtoncs,   shell v    in    places,    with 

layers  of  Ostrradeltoifhaf  and  fucoidal 

markings      -  -  -    8    o  to 

Blue  sandy  clay,  with  hard  hand  near 

Ijiise  ;  layers  of  (),  deltoulea  - 
Red  and  brown  ferruginous  and  fucoidal 
sandstones  (slightly  culcarooua),  and 
greenish  clayey  sand;  with  much 
concretionary  iron-ore,  and  occa- 
sional decom[)08ed  oolitic  grains  ; 
beds  tinged  a  purple  colour  towards 
the  hase  :  thev  thicken  towards  the 
north:  Belemnlfes,  Fffien,  Osfrea  del- 
ioidra,  Scrpuln  iutestinallsT  and 
Plant-remains 
Blue,  sandy,  and  calcareous  clay,  large 
specimens  of  (>.  deltofdn/i  abundant : 
Asiarte,  Serp.  iniestinalis.    Near  the 

Sandsioot  Clay  --^      l^ase  there  are  one  or  two  layers  of 

fissile  calcareous  sandstone  with 
BdemniteSy  Exogwra  vana^  and  small 
cement-stone  nodules  -  -  - 

*" Trignnia-hed  :  bluish-grey  sandy  lime- 
stone with  Trigonia  r/ar»7/a/a,  Ger- 
vilUa  aciculoideSt  NerincDay  Ejugyra, 
Ac.       -  -  -  -  - 

Irregular  bands  of  shelly  and  sandy 
limestone,  with  partings  of  shaly  and 
sandy  marl :  Ammoniies,  Natica  coral- 
Una,  Chemnihia,  Exogyra  nattay  Mifu- 
citfs  derurtatnSy  Myti/us  prcthiahi^y 
Perfen  JihiutsuSy  Pholadonhifa  cptjualiSj 
Lignite,  Ac. 


Ft.   In. 


7 
6 


0 
0 


11      0 


38      0 


6 


Trigonia  Beds    -<< 


Osmington 
Oolite. 


{ 


Limestones  and  shales  with  Neruucn- 
bed  at  base       -  -  -  - 


10 
7 


6 


0 


The  OsmingtoD  Oolite  cons^iats  here  of  bjinds  of  more  or  less 
shelly  oolite^  alternating  with  bofter  rubbly  heda  and  oolitic  marls 
and  clays.  The  total  thicknens  appears  to  be  45  feet,  a  diminu- 
tion from  the  thickness  assigned  to  the  beds  nt  Osmington,  due  in 
part  to  the  grouping  of  more  beds  with  the  Bencliff  (Trits.  This, 
however,  is  merely  a  matter  of  convenience  Messrs.  Blake  and 
Hudleston  include  only  21  feet  as  Bencliff  Grits  at  Bencliff. 
Moreover  they  include  with  the  Trigonia  Beds  the  NeruKBa-hed 
and  associated  layers,  which  seem  to  me  more  appropriately 
linked  with  the  Osmington  Oolite.  A  good  sec  turn  of  the  Trigonia 
Beds,  Osmington  Oob'te,  and  Bencliff  Grits,  was  noted  by  them 
in  the  railway-cutting  at  Rodwell.* 

Passing  from  the  Royal  Victoria  Inn  nlonix  the  margin  of  the 
Fleet,  the  succession  of  the  beds  from  the  Kimeridge  Clay  down 
to  the  Oxford  Clay  may  be  traced,  but  the  strata  are  not  suffi- 
ciently exposed  to  admit  of  detailed  measurement h>  for  there  is 
much  slipped  ground  in  places. 

The  Sandsfoot  Grits  with  JJ/na  pectiiuforniis,  were  exposed  in 
the  low  cliffs  south-west  of  Rvmead  Cottages,  and  beneath  them 
the  blue  Sandsfoot  Clay  with  masses  of  Ostrea  deltoidea,  was 


♦  Quart.  Jonrn.  (h'ol.  Soc  vol.  xxxiii.  j».  2r»7. 
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exposed.  The  Trigonia  Beds  were  shown  south-west  of  Wyke, 
by  the  bay,  and  in  the  cHfKj  between  two  lanes  leading  from 
Wyke  to  the  Fleet,  Westwards  we  have  a  good  section  of  the 
Osmington  Oolite,  rubbly  and  shelly  oolites,  and  earthy  limestone, 
occasionally  pisolitic,  and  with  marls  and,  here  and  there,  sandy 
shales.  Ckemnitzia^  Nerin(pay  Natica  corallina^  /Marina  muri- 
cattty  Lucinay  Modiola  hipartifa,  Pectcn  jfthrosits,  CidariSy  and 
Echinohrissus  scvtatus  were  here  obtained. 

The  BencHfF  Grits,  with  doggers  and  ironstone-concretions, 
were  seen  eivst  and  west  of  the  main  road  from  Rodwell  to  Wyke 
and  the  Fleet.  They  were  underlaid  by  clay  with  nodules,  the 
Nothe  Clay  ;  and  below  by  shelly  nodular  and  fucoidal  calcareous 
grits,  the  Nothe  Grits.  These  yielded  Belemnites,  GrypJuBn 
dilatattty  &c. 

Traced  westwards  from  Osmington,  on  the  northern  side  of  the 
Weymouth  anticline,  >ye  find  here  and  there  evidence  of  the 
divisions  shown  so  well  at  Osmington,  but  some  of  them  are  much 
reduced  in  thickness.  In  the  cutting  of  the  Abbotsbury  railway 
near  Broadway,  the  Sandsfoot  Grits  and  Clay  were  seen  over- 
lying the  Trigonia  Beds.  The  latter  exposed  to  a  depth  of 
9  feet  consisted  of  sandy,  shelly,  and  partially  oolitic  limestones, 
with  pockets  of  brown  clay  washed  into  iissures  from  the  overly- 
ing beds.  They  yielded  Ammonites  cordatusy  Cerithium,  Hour- 
ffuetitty  Pleurotomariay  Astarte,  CucuUcpay  and  Ostren,  Damon 
records  Ceromyn  excentricn  from  this  locility.  Messrs.  Blake  and 
Hudleston  note  that  the  Nothe  Grits  at  Broadway  appear  to  be 
represented  by  a  band  of  ferruginous  sandstone  about  2  feet 
thick,  and  this  is  still  further  reduced  south  of  Abbotsbury.* 

Higher  beds  of  Corallian  Rocks  are  well  shown  at  Linton  Hill, 
south-east  of  Abbotsbury.  The  Osmington  Oolites  are  quarried 
on  tlic  south-west  side  of  the  hill,  where  they  are  seen  to  com- 
prise 18  feet  of  brown  oolite  with  shelly  layers.  Following  the 
scarp  to  the  north  wo  find  still  higher  beds  of  shelly  and  coarse- 
grained oolite,  with  rubbly  and  marly  beds.  Thejr  yield  Ammo- 
nifes,  Pleurotomariay  Ostrca  solitaria,  Pecten  lens,  Pinna  ampla 
(abundant),  and  Echinohrissvs  scutatns  (abundant).  Above  come 
the  shelly  iron-slained  and  partially  oolitic  limestones  of  the 
Trigonia  Beds,  yielding  Natica,  Ci/lindritcs,  Isocardiay  Myacites 
decvrtatus^  and  large  Pinna.  Messrs.  Blake  and  Hudleston  note 
also  Ammonites  plicatilisy  Ceromyn  orhicnlaris  (in/iata),  Anatina^ 
Ganiomya  i\-scripta,  Mytiltts  jitrensis,  Pygastcr  mnbrella,  and 
Acrosalenia  decorata.f 

Still  further  on  we  cross  a  hollow  suggestive  of  the  Sandsfoot 
Clay,  and  come  to  a  scarp  of  red  rucks  consisting  of  very  ferrugi- 
nous sands  nnd  sandstone,  with  iron-shot  grains  in  the  upper 
beds.  A  thickness  of  about  15  feet  is  seen,  and  the  beds 
evidently  represent  the  Sandsfoot  Grits.J 

We  have  no  clear  sections  of  the  Lower  Corallian  beds  in  the 
hills  on  the  south  and  south-west  of  Abbotsbury.     Oolites  outcrop 

*  Quart.  JouFD.  Geol.  Soc,  vol.  xxxiii.  p.  264. 

t  Ibid.,  p.  269. 

J  See  also  Blake  ond  Hudleston,  Quart.  Journ.  Geol,  Soc.,  vol.  xxxiii.  p.  268. 
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on  the  south  of  St.  Catherine's  Chapel.  The  lowest  bed  seen  in 
the  hill  west  of  Abbotsbury  was  a  ferruginous  grit,  and  above 
there  could  be  traced  a  series  of  oolitic  beds^  grey  and  occasionally 
iron-stained^  together  with  bands  of  flaggy  calcareous  sandstone 
and  clay.  The  higher  portions  of  this  hill  are  formed  of  the  iron- 
stone, and  the  same  beds  appear  to  the  north  of  St.  Catherine's 
Cbapel,  dipping  towards  the  village  of  Abbotsbury. 

The  occurrence  of  iron-ore  at  Abbotsbury  attracted  the  notice 
of  Sedgwick,*  and  it  has  been  referred  to  by  Buckland  and  De  la 
Bechet  and  subsequent  geologists.  (See  p.  74.)  It  occurs  in 
the  upper  part  of  the  Corallian  Beds  bordering  the  Kimeridge 
Clay.  West  of  West  Elworth  Farm  the  plougrhed  fields  present 
a  very  red  appearance,  and  the  scarps  of  Corallian  rocks  on  the 
west  side  of  Linton  Hill  are  very  mi|ch  iron-sttiined.    (See  p.  306.) 

The  oolitic  iron-ore  is  exposed  in  most  of  the  lane-cuttings 
north  and  west  of  Abbotsbury  village,  on  the  high  grounds  above 
the  Earl  of  Ilchester's  mansion,  and  on  the  northern  slope  of  the 
hill  on  which  St.  Catherine's  Chapel  stands.  The  western  part 
of  the  village  is  built  on  the  iron-ore.  The  best  sections  to  be 
seen  are  in  the  red  lanes  north  of  the  village.  Here  the  rocks  dip 
towards  the  village,  which  evidently  lies  in  a  syncline  of  the  beds, 
as  they  rise  again  to  the  south.     (See  Fig.  52.) 

The  red  lanes  are  excavated  in  loose  red  and  brown  oolitic  iron- 
ore,  with  some  sand  and  sandstone  and  irregular  vertical  and  other 
bands  of  ironstone,  and  flaggy  oolitic  ironstone  on  top.  A  thick- 
ness of  at  least  20  feet  is  shown.  J 

The  more  prevalent  fossils  include  Ammonitesy  Cardium, 
MyaciteSy  Tinffonia,  Chemnitziay  JValdheimiOy  Rhynchonellay  and 
Serpula.      Ostrea  deltoidea  and  lignite  also  occur. 

North  of  Abbotsbury  the  Oolites  are  much  faulted,  and  the 
outcrops  of  many  of  the  divisions  are  concealed  by  the  overlapping 
of  the  Cretaceous  Kocks.  Corallian  Beds  reappear  from  beneath 
this  covering  of  newer  strata,  in  the  Vale  of  Bride  (or  Bredy),  at 
Long  Bredy,  and  south  of  Litton  Cheney.  Near  the  last-named 
village,  oolite  was  shown  in  the  road-cutting,  but  the  stone  is 
not  worked  in  the  neighbourhood. 

So. faulted  arc  the  Oolites  generally  in  this  neighbourhood  that 
it  is  impossible  to  indicate  with  any  certainty  their  course  beneath 
the  Dorsetshire  Downs  from  J^ong  Bredy  to  Ceme  Abbas.  The 
outcrop  at  Abbotsbury  has  been  shifted  northwards  to  Long 
Bredy,  and  it  is  modified  underground  not  only  by  east  and  west 
faults,  but  probably  ako  by  north  and  south  faults,  that  date  prior 
to  the  Cretaceous  overlap.  The  main  underground  course  of  the 
Corallian  Beds  may  be  from  below  Dorchester  to  Cerne  Abbas. 

The  following  list  of  fonsils  from  the  Corallian  Beds  of  Weymouth  is 
based  mainly  on  the  work  of  Messrs.  Blake  and  Hudleston,  the  species 
collected  by  myself  being  added.  The  vertebrate  remains  are  not  inclnded, 
as  their  particular  horizons  arc  not  as  a  rule  noted,  and  it  will  be  sufficient 
to  refer  to  the  general  list  in  the  Appendix  for  records  of  Fishes  and 
Saurians. 


*  Ann.  Phil.,  vol.  xxvii.  p.  350. 
t  Trans.  Geol.  See,  ser.  2,  vol.  iv.  p.  27. 

X  A  further  account  of  the  iron-ore  is  ^ven  in  the  Chapter  on  £oonoinic  Pro- 
ducts, p.  823. 
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DiiKin*  hunpbriHUiiii 
Llninila  ovmlii 
lUiynchiHp]t&  conllini 

Tenbntali  Inslimii 

IDtHlU 


Serpula  gDidlmlil  • 


HpinicidahB  inh'rmeilia 
Pieudod«dem»  vcraipor 
PfKMtcr  urobrflln 
CoDHHeria  lmiil<>tiH 
Pnibiiwrii  Wsltoni 
TInmiiutnrainu'linaiili 
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Vale  of  Blackmore. 

On  crossing  the  Dorsetshire  Downs  to  the  north  of  Cerne 
Abbas  we  enter  the  Vale  of  Blackmore,  and  there  the  Corallian 
Beds  re-appear  from  beneath  the  thick  mantle  of  Cretaceous 
Rocks.  Tliey  are  seen  norih-cast  of  Hilfield  and  at  Glanvllles 
Wooton,  over  a  tract  of  grassy  country  with  small  enclosures  and 
well-timbered  hedgerows.  Proceeding  towards  Sturminster  New- 
ton, the  summit  of  the  low  escarpment  forms  an  undulating  tract 
of  culiivated  land,  and  near  Haselbury  Biyant  we  find  quarries, 
where  the  stone  is  burnt  for  lime  and  employed  for  building  and 
road-mending.  There  arc  quarries  north-east  of  the  church,  near 
Shorts  Bam,  and  south-east  of  Zoar,  and  we  find  blue  shelly  and 
oolitic  limestones  and  marls,  with  occasional  sandy  layers.  The 
beds  are  pisolitic  in  places,  and  they  belong  to  the  upper  portion 
of  the  limestone-series,  so  well  shown  in  the  railway-cutting  at 
Sturminster  Newton  (p.  101).  Thus  all  the  strata  observed,  may 
be  grouped  with  the  Trigonia  Beds  and  the  Osmington  Oolite.  I 
obtained  the  following  fossils  at  Haselbury  Bryant : — 


Belcmnites  abbroviatUH. 

Natica  corallina. 

Boorgactia  (Phasianella). 

Pleorotomaria. 

Astarte. 

Myacites. 


Ostrea  gregaria. 
Pec  ten  fibrosus. 
Trigonia  claycllata. 
Ecbinobrissus  scntatus. 
Glyphea. 


Gasteropods  are  fairly  abundant  and  fragments  of  lignite  are  not 
uncommon.  Other  species  from  this  locality  and  Mappowder, 
are  recorded  by  Messrs.  Blake  and  Hudleston:  from  the  latter 
place  they  note  Rhynchonella  Thurmanniy  a  fossil  unknown 
elsewhere  at  so  high  an  horizon.*     (See  Fig.  53.) 


Fig.  53. 


Rhynchonella  varians,  var,  Thurmanni,  VolUt  J. 

The  best  section  of  the  Corallian  Beds  in  the  neighbourhood  is 
that  shown  in  the  railway-cutting  at  Sturminster  Newton.  The 
section  was  described  by  Messrs.  Blake  and  Hudleston,  and  the 
strata  which  I  noted  were  as  follows : — 

^    „  Ft.  In. 

fo.  Brown   ochreous   sandy  loams  and 
Sandsfoot  Beds  -  <         clays              -            -            .  .  [14      o"* 

L  5.  Bluiah-grey  clay ;  Ostrm       -  -    [8      6] 


♦  Quart.  Jouni.  Geol.  Soc,  vol.  xxxiii.  p.  281. 
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Trigoiu'ft 
Bedn,  and 

Osmiugton 


Bfttwa-  eondy  lirno-"] 
stbbe.^S  feet]  ■       * 

Mfirla .-    :  -  -  -  >[4     < 

Brown* 'n^ljj;.  iron.  [ 
yhot  liin«al»neB.      J 

Soft  grey  oolffic  marl     3 

Grey     und      liKuvi?*,-'-. 
sparry  oolitic  lime.* '•■  .•, 
stone  f also- bedded:   *.•';•* 
Pstuiiodiadema.  "  _, 

Berpvla,  Shipi- 
rhonella,  Exogyni 
no  no,  Piev/roio- 
mtria  -  1     0  to    2 

Brown  niblily  and 
shelly  limoBtoiies 
and  oulitc,  with 
ocbreoiiB  galls : 
Ottreu  gregaria 
(nlnindant)  JLeUirU, 
Ghemnitzia  hed- 
dlngbmeiieit,  Nn- 
liai.  Bowrgttelia. 
C  idarii  fii>rigera  ma 
(spines)  -  :!  0  to  .1 
Palo  rubbl^  and 
shelly  oolite  and 
marl,  with  streaks 
of  grey  mtu'ly  clay ; 
piHolitio  in  pItKes. 
f^pincB  |0f  Oidtriti 
florigemma  abun- 
dant -  -  3  0  to  3 
2.  Pale  marly  false-bed- 
ded or  wedge- bedded 
limcbtoDc,  slightly 
Dolitio :  small  Linui  -  18 
Grey  oolitic  marly 
and  rnbbly  stone 
and  clay ;  Eehino- 
brieeui  ncuttUitt 
abnadant-  10  Our  12 
Pisolitic  beds  (seen 
also  in  road-cut- 
ting Bunth  of  Stur- 
minster  Newton, 
wberc  they  appear 
to  be  over  2  ft. 
thick) 
[CoaTBc-grained      oolitic 


!■< 


[1 
The  numbers  refer  to  the  section,  Fig.  54. 


The  thiclineeseB  in  square  brackets  ore^iTcn 
on  the  authority  of  XcBsrs.  Blako  and  Hndlo- 
ston.* 


•  Quart.  Joom,  Ocol.  Soc,  vol.  j 
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*•        • 

The  limestone-bedtf  of'.Skirminster  Newton  have  yielded  the 
foUowinj;  fossils  : — .  "•.*•'•. ' 

X  Ammonites  plicA^tiTT&k  * 
xActseonina. ,»,  •,  *. 

AlariaH  IlesMyosea. 

Bourguet!iu*BWyignieri . 

Ceritelltt/*** 

CqritlfUim  inornatum. 
X  •v^  Umieforme. 
.•.V^iX-'muricatum. 
•^(Jhemnitzia      (Pseudomolania) 
'•.  *     heddingtouensis. 
• '  *  Delphinula  fniiiculata. 
X  Littorina  muricata. 
X  Natica  corallina. 

dojanira. 

NerinsBa. 
X  Pleurotomaria  Agnssizi. 

reticalata. 

xArca. 

Astarte  aliena 

pol>Tnorpha. 

Cypricardia  glabra. 
X  Ezog}'ra  nana. 
X  Lima  elliptica. 

snbantiquata. 

The  species  marked  X  were  collected  l)y  Mr.  J.  Rhodes  and  myself; 
bnt  many  of  them  had  been  previously  recorded  by  Messrs.  Blake  and 
Hadleston,  on  whose  authority  the  remaining  species  are  given. 

The  upperniost  beds  of  the  Corallian  Series  were  shown  in  a 
lane-cutting  near  Hole  leading  to  Banbury  Common,  near 
Sturminster  Newton.  There  the  following  sequence  could  be 
traced : — 

(Clay.  Ft.  In. 

C?ry  withselenite:  Ostrea  deltoid ea  -        3      0 
Nodular  bed. 

Ferruginous     beds     like    t]io  ^ 
oolitic    iron-ore  of  Abbots-  j 
bury    and    Westbury,  with  I    ^^       t^  -    . 
band  of  blue.hearted  sandy  f  ^^  ^^  ^^  ^^®^- 
limestone:  Ostreti  deltoidea, 
Pecien  Jibrosus,  Beiemnites  - 
Ochreous     clays  :    Jielemnitei 
(thhrevi(Uu8,  Ac. 
Oolitic  Beds,  &c. 


Lncina. 

Modiola. 

Myacites  securiformis. 
xOpis  corallina. 

Ostrea  fl^regaria. 
X solitaria. 

Pecten  strictus. 
X subtextularis. 

Pema  mytiloides. 
X  Pholadomya  a3qualis. 

Quenstedtia  laevigata. 

Sowerbya  triangularis. 

Trigonia  clavellata. 
X  Unicardium. 
X  Rhynchonella. 
X  Serpula. 

Acro.«alenia  decorata. 

X spinosa. 

X  Gidaris  fiorigemma. 
X  EchinobrisBUB  scutatus. 

Hemicidaris  intermedia. 

P^eudodiadema  radiatum. 
X versiiwra. 


Dpper 
Corallian. 


< 


Sands- 
foot 
Beds, 


< 


Messrs.  Blake  and  Hudleston  have  referred  to  these  **  ferru- 
ginous fossiliferous  sands  and  concretions,"  and  record  from  them 
the  following  fossiU : — * 

Ammonites  ])licatilis  ? 
Belemnitcs  nitidus.  i 

Avicula  lediligoeuMis. 
Pecten  midae. 


Pinna  pesolina. 
Pleuromya  tellina. 
Serpula  runcinata. 


It  seemed  to  me  that  the  ferruginous  beds  would  be  worth 
opening  up  more  clearly,  so  that  their  economic  value  might  be 
tested.     The  general  section  in  this  area  compares  well  with  that 


*  Quart.  Joum.  Geol.  See.,  vol.  xxxiii  p.  277. 
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at  Abbotsbnry^  and  it  is  of  special  interest  to  find  the  ironstone 
represented,  for  we  again  meet  with  it  at  Westbury  in  Wiltshire. 

The  Pisolitic  Beds  were  well  shown  in  a  bank  by  the  road-side 
near  tlie  Castle  south  of  Stnrminster  Newton.  There  they  consist 
of  small  bean-shaped  concretions  in  a  marly  matrix.  (See  p.  73.) 
The  occurrence  of  this  pisolitic  band  was  marked  by  H.  W. 
Bristow  on  the  Geological  Survey  Map  to  the  west  of  Haselbury 
Bryant  and  again  near  Todbere.  Further  north,  as  noted  by 
Messrs.  Blake  and  Hudleston,  it  *'  spreads  out  on  the  surface  at 
Stower  Provost,  the  village  square  being  entirely  upon  it,"*  and 
I  have  seen  the  bed  between  East  and  West  Stower. 

We  have  no  sections  afr  yet  showing  the  junction  with  the 
Oxford  Clay,  this  main  pisolitic  bed  being  the  lowest  bed  visible. 

Of  the  Nothe  Grits  or  their  equivalents  we  see  nothing,  and  it 
is  possible  that  this  division  is  here  represented  chiefly  by  clays 
that  have  been  included  with  the  upper  part  of  the  Oxford  Clay. 

A  small  inlier  of  Corallian  Rocks  was  at  one  time  thouQ^ht  to 
occur  to  the  west  of  Fontmell  Magna,  south  of  Shaftesbury  ;  but 
the  beds  have  been  recognized  by  Mr,  Jukes-Browne  as  Lower 
Greensand. 

In  the  neighbourhood  of  MarnhuU  and  Todbere  the  Corallian 
limestones  develop  into  a  good  freestone  which  is  largely  quarried 
for  building-purposes  and  lime-burning. 

£ast  of  Marnhull  Church  there  are  quarries  showing  about  15 
feet  of  buff  marly  oolite,  that  is  well-bedded  in  layers  from  1  ft. 
to  18  ins.  thick,  with  marly  partings.  The  stone  is  shelly  in 
places,  and  when  quarried  it  hardens  and  turns  white  on  exposure. 
The  rubbly  oolite  on  top  is  used  for  road-metal. 

A  well  sunk  to  a  depth  of  30  feet  at  the  Brewery,  north  of 
Walton  Elm,  did  not  yield  sufficient  water  for  the  wants.  At  East 
Stower  (centre  of  village)  water  is  obtained  at  a  depth  of  35  feet. 

At  Todbere  we  have  fine  sections,  which  show  a  remarkably 
false-bedded  set  of  beds  below  the  more  regular  strata  of  oolite 
just  mentioned,  similar  to  features  seen  in  the  railway-cutting  near 
Sturminster  Newton,  and  again  in  a  quarry  near  Steeple  Ashton. 

There  is  a  large  quaiTy  east  of  the  high  road  at  Todbere,  and. 
this  showed  the  following  section : — 

Ft.  In. 
3.  Enbbly  oolite,  shelly  in  places  -      6      0 

Marly  layer,  a  few  inches,  passing 
inco  oolite, 
j  2.  Buff  flaggy  oolitic  limestone,  shelly 

coralline  oolite^      ^^u:!  S^ St^i^X.e  ^  '  ' 

weathering  brown  -  -  2  6 

Eotten  oolite  and  marl  -  -  0  6- 

1.  False-bedded  oolites,  yielding  good 

L        building-stone         -  -  7    0  to  9  0 

A  good   section  of    the  beds  has  been  given  by  Messrs.  Blake  and 
Hndleston.t    This  shows  the  even  layers  rest  in  j»  on  the  obliquely  bedded 

f    , 

♦  Qaart.  Joam.  Geol  Soo.,vol.  xxxiii.  p.  279. 
t  Ibid,,  vol.  xxxiii.  p.  2S0. 

2    82426.  n 


104 


MIDDLE   OOLITIC   BOOKS   OF  ENGLAND  I 


freestones,  and  when  the  former  have  been  quarried  away,  the  lower  beds 
might  be  taken  to  have  a  dip  of  8°  to  10°  in  an  easterly  direction.  The 
fall  thickness  of  this  lower  freestone  appears  to  be  14  feet. 

Fig.  65. 
Section  of  Corallian  Beds  at  Todbere^  Dorset 
W. 


8    Soil  and  brown  rubbly  limestone  and  marl  • 

2.  Oolitic  limestones,  shelly  in  places 

1 .  False-bedded  oolite  (the  layers  inclined  8°  or  10''  E.) 


Ft. 
-    2  to  6 
8 
9 


The  remarkable  false-bedded  oolite^  overlaid  by  even  layers, 
suggests,  as  Messrs.  Blake  and  Hudleston  remark,  '^that  some 
time  elapsed  between  the  deposition  of  the  two."  Similar  features 
are  not  uncommon  in  the  Great  Oolite  and  Forest  Marble;*  and 
they  may  be  attributed  to  changes  in  currents,  accompanied  in 
some  cases  by  contemporaneous  erosion. 

From  the  oolites  of  this  locality  Messrs.  Blake  and  Hudleston 
record  the  following  species,  which  arc  to  be  foimd  only  in 
occasional  bands : — 


Ammonites  plicatilis,  2. 
Chemnitzia  heddingtoncnsis,  1,  2. 
Natica,  2. 

Kerinsea  fasciata,  1 . 
Exogyra  nana,  1. 
Ostrca  soli-taria,  2. 


Pleuromya  tellina,  1. 
Trigonia  clavellata^  1. 

Meriani,  2. 

Cidaris  florigemma,  2. 
Echinobrissus  scutatns,  1,  2. 


The  numbers  refer  to  1,  false-bedded  freestone,  and  2,  the  oyerlying 

■oolites. 

The  stone  beds  are  again  quarried  to  the  west  of  East  Stower. 

Lower  Calcareous  Grit  was  not  traced  south  of  Sturminster 
Newton  by  H.  W.  Bristow,  and  there  is  but  feeble  evidence  of  it 
even  in  this  part  of  Dorsetshire.  Proceeding  northwards  the 
first  good  indications  of  the  beds  are  in  the  railway- cuttings  on 
either  side  of  the  Kingsmead  tunnel,  between  Gillingham  and 
Templecombe,  on  the  London  and  South- Western  Railway.  The 
cuttings,  at  the  time  of  ray  visit,  were  too  obscure  to  afford  any 
detailed  measurements,  but  on  the  eastern  side  of  the  tunnel, 
beneath  riibbly  beds  of  oolite  and  some  thickness  of  clay,  oolitic 
marl,  and  blue  flaggy  limestone,  grey  calcareous  sandstone  and 
sands  were  shown.  On  the  western  side  of  the  tunnel,  fissile 
calcareous  gi*its  with  GryphcBa  dilatata  and  Pecten  were  to  be  seen 


*  See  Memoir  on  the  Lower  Oolitic  Bocks  of  England,  pp.  806,  870* 
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resting  on  the  Oxford  Clay.  Messrs.  Blake  and  Hudleston  have 
given  a  detailed  account  of  the  beds,  and  they  notice  the  presence 
of  immense  spheroidal  doggers  of  calcareous  grit.  Probably  if 
we  assign  a  thickness  of  22  feet  to  these  beds  of  Lower  Calcareous 
Grit,  we  shall  not  be  far  wrong,  for  I  believe  there  is  some 
repetition  of  the  beds  in  the  cutting. 

The  overlying  Pisolitic  beds,  comprising  about  12  feet  of  coarse 
grained  oolite,  pisolite,  and  marl,  were  noticed  at  Oucklington  by 
Messrs.  Blake  and  Hudleston.*  The  beds  yielded  Ammonites 
plicatiliSg  Turbo,  Lima  riffida,  Pectenjibrosus^  Myacites  decurtatus, 
Echinobrissus  scfttatus,  Corals  and  a  Sponge. 

Higher  beds  are  seen  in  quarries  by  Laugham  Farm,  and 
to  the  south-east  of  Langhani,  west  of  Gillingham.  Here 
we  find  beds  of  shelly  and  .oolitic  limestone  (blue-hearted) — 
iiTegular  rubbly  limestones,  with  bands  of  sandy  and  oolitio 
marl  and  clay,  exposed  to  a  depth  of  about  11  feet.  The  fossils 
include  Ammonites,  Chemnitzia  heddingtoncnsis^  Natica  corallinOf 
Plcurotomaritty  Exogyra,  Myacites,  Ostrea^  Plwladomya,  Trigonia, 
and  Echinobrissus  scutatus. 

Messrs.  Blake  and  Hudleston  note  the  following  fossils  from 
gritty  limestone,  marl,  and  grit,  that  were  exposed  at  Langham  : — 
Am,  cordatfiSy  Belemnites  abbreviatus^  Natica  clio^  Botirguetia 
{Phasianella)  striata,  Gervillia  aviculoides,  Modiola^  and  Perna 
quadrata.  They  include  the  beds  with  the  Upper  Corallian, 
remarking,  however,  that  the  Cephalopoda  elsewhere  belong 
generally  to  the  lower  beds. 

Near  Preston,  north-east  of  Gillingham,  they  notice  beds  of 
sandy  and  flaggy  oolite,  about  12  feet  thick,  and  with  remains  of 
Al^a).  These  beds  yield  fossils  found  also  at  Langham,  and  they 
are  overlaid  by  sandy  and  oolitic  shell-beds,  which  yield  species 
of  Stylina.  and  ThamnastrcBa,  From  these  uppermost  beds  Messrs. 
Blake  and  Hudleston  record  also  the  following  species : — f 


Ammonites  plicatilis. 
ActsBonma  miliola. 
Ceritliium  mnricatum. 

Pellati. 

Natica  olio. 

Neridomus  (Norita)  minuta. 

Astarte  polymorpha. 


CucuUsea  corallina. 
Grastroelisena  carinata. 
Pccten  lens. 

qaalicosta. 

Tancrcdia  planata. 
Trigonia  (clave Hate). 


The  Lower  Corallian  Beds  were  exposed  in  a  pit  north  of 
Higher  Hatherly,  south-west  of  Wincanton,  where  the  section 
was  as  follows  : — 

Ft. 
rSands  with    concretionary  masses    oF 
I      stone  .... 

Lower  Corallian-^  Sandy  clay:  Ostrea  JlaheUaides,  Myacites  >  15  to  20 

I      recurvus,  GryphcBa  dilatatii,  Modiola  1 
(      hipartita,  Ammonites  cordcitus  -  J 

Oxford  Clay       -  Blui^  clay  with  Gryphceci  dilaUita. 


*  Quart.  Joorn.  Geol.  Soc,  vol.  xxxiii.  pp.  278,  279. 
t  Ibid.,  Tol.  xxxiii.  pp.  282,  283. 


H   2 


106         MIDDLE  OOLITIO  BOCKS  OF  ENGLAND: 

Comparing  the  Corallian  Bsds  of  North  and  South  Dorset^  we 
may  roughly  correlate  them  as  follows  (see  Fig.  56) : — 

Ft. 
South  Dorset,  North  Dorset, 


Abbotebury  Iron -ore.  Ferruginous  Beds  near  Stur- 

minster  Newton  -  -    15 

Sandsfoot  Beds.  Clays,  &c.    -  -  -    22 

Trigonia  Beds.  Saudy,   shelly,  and  ooliticl 

limestones  -  -  (  t^ 

Osmington  Oolite.  MamhiiU  and  Todbore  free-  f 


stone,  and  pisolitic  beds  -J 
Lays  and  sands  with  dog- 
Nothe  Beds.  \         gors  (observed  locally)    -    25 


» i — — 

Bencliff  Grit.  /     Clays  and  sands  with  dog- 


In  South  Dorset  the  full  thickness  was  found  to  be  about 
200  feet;  in  North  Dorset  it  does  not  exceed  120  feet;  of  which 
26  feet  may  be  assigned  to  the  Lower  Corallian^  and  95  feet  to 
the  Upper  Corallian. 

LongleaU 

North  of  the  great  fault  marked  on  the  Geological  Survey 
Map  between  Wincanton  and  Mere,  we  journey  some  distance 
before  meeting  with  the  Corallian  Rocks.  Here  the  Kimeridge 
Clay  is  represented  to  rest  directly  on  the  Oxford  Clay,  but  the 
evidence  is  by  no  means  satisfactory.  Over  portions  of  this  area 
Mr.  W.  T.  Aveline  stated  that  it  was  not  altogether  clear  whether 
the  newer  clay  may  not  be  Gault;*  and  I  found  the  slopes 
bordering  the  escarpment  of  the  Upper  Greensand  near  Stourton, 
so  obscured  by  talus  that  no  evidence  was  to  be  obtained.  Mr. 
Jukes-Browne,  however,  informed  me  (1889)  that  he  found 
Upper  Corallian  Beds,  in  the  form  of  shoUy  and  partially  oolitic 
limestones,  in  Longleat  Park,  and  that  the  clay  above  it  is 
undoubtedly  Gault.  The  Lower  Corallian  Beds  are  not  clearly 
exposed,  while  if  any  representative  of  the  Westbury  iron-ore  be 
present,  it  is  overlapped  by  the  Gtiult 

fVesibury. 

Most  important  sections  of  the  Corallian  Rocks  are  to  be  seen 
nt  the  Ironworks  near  the  railway-station  at  Westbury  in  Wilt- 
shire. There  the  Upper  Corallian  Beds  yield  a  valuable  iron-ore 
to  which  attention  was  directed  in  1856  by  Mr.  G.  C.  Greenwell.t 
The  workings  extend  from  a  little  north-west  of  Penleigh  to 
Westbury  Field,  a  distance  of  rather  more  than  one  mile,  and  the 
ironstone  is  exposed  in  the  tract  north  of  Westbury  Station, 
further  eastwards  than  is  shown  on  the  Geological  Survey  Map. 
How  far  to  the  south  the  beds  may  occur  in  workable  quantities 
can  only  be  proved  by  trial-borings.  Northwards  the  outcrop  of 
the  beds  is  shifted  by  a  fault,  but  Mr.  Green  well  states  that  the 

*  See  Geol.  E.  Somerset,  ^lc,  p.  137. 

t  Proc.  S.  Walet  Inst.  Cnr.  Eag.,  1S59,  toI.  i.  pp.  311,  &c. 
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ironstone  was  "  found  to  extend  to  Steeple  Ashton  and  the 
neighbourhood.  It  is  apparently  of  similar  quality  to  that  found 
at  Westbury,  but  i?,  so  far  as  I  have  seen,  much  thinner  and 
somewhat  uncertain  in  position." 

The  Ironstone  dips  4°  to  10°  in  a  south-easterly  direction 
beneath  the  Kimeridge  Clay,  but  as  observed  by  Mr.  Greenwell 
*^  A  short  distance  west  of  the  outcrop  of  the  upper  limestone  beds, 
the  strata  assume  a  rapid  westward  dip,  by  wlilih  the  ironstone 
is  again  thrown  in  ;  but  about  20  or  30  yai-ds  further  west,  a  pit 
was  sunk  20  feet  in  Oxford  Clay,  showing  the  existence  of  a  large 
upcast  fault  to  the  west,  in  fact  the  same  fault  shown  on  the 
Ordnance  Geological  Map.  The  throw  of  this  fault  cannot  be 
less  than  100  feet." 

Messrs.  Blake  and  Hudleston  state  that  **  A  well  sunk  about 
halfway  between  the  town  and  the  railway  station,  after  passing 
through  about  50  feet  of  the  Kimeridge  Clay,  showed  that  the 
ore  had  diminished  to  a  tiiickness  of  2  feet."* 

The  following  series  may  be  clearly  traced  out  in  the  several 
workings : — 


Soil  and  Super- 
ficial Deposits 
(local). 


Kimeridge  Clay 


Upper  Oorallian  •{ 


Ft.  In. 

Brown  loamy  clay  and  grey  clay,  with 

bits  of  chalk  and  flint,  and  fragments 

of  Ostrea  deltoide%  in  places,  resting 

irregularly  on  bed  beneath    -  -      2      6 

•^  Brown  sand  and  fine  gravel  with  flint 

and  limestone  pebbles         -    3    0  to      5      0 
Brown  and  yellow  clay  with  "  race  " 
oolitic  ironstone  and  ochreous  debris 

about      2      0 
/  Dark  blue  and  bluish-green  clay  with 
\     Ostrca  deltoidea  -  •  -      4      0 

Hard  greenish-coloured  oolitic  iron- 
stone with  0.  deltoidea,  Myacites, 
Pecten  and  Ammonites  -  -      3      0 

Irregular  masses  of  oolitic  iron-oro  with 
hard  slightly  calcareous  bands,  in- 
termingled with  dark  greenish  and 
slate-coloured  clay  and  black  earthy 
powder:  iron-pyrites,  lignite,  and 
occasional  veins  of  calc-spar :  Ostrea 
deltoidea,  BehmniteSj  &c.  -  7  0  to  9  0 
I  Light  greenish-grey  bufi*  and  brown 
sands  with  seams  of  laminated  clay, 
casts  oiMyoicites,  &c. ;  Ostrea  gregaria 
at  base         -  -  -    4    0  to    10      C 

Bubbly  beds  of  blue  and  bufi*  marly 
oolite  and  pisolite,  passing  into  marly 
stone  with  layers  of  oolitic  marl  and 
clay.  The  bottom  beds  false-bedded 
in  places :  Ammonites,  OhemMitzia, 
Cidiaris  florigemma  (spines),  Natica, 
corals,  and  other  fossils  -  10  0  to  12  0 
Fine  false-bedded  oolite,  bu£E  at  top 
and  blue  towards  base,  with  tubiform 
markings  at  various  horizons :  Echino* 
hrissus  scutatua        -  -    8    0  to    10      0 


*  Quart  Joom.  Geol.  Soc.,  vol.  zxxiii.  p.  2S4. 
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FlQ.   57. 

Section  at  the  Iron-toorks,  fVestbur)/,  WHttkire, 


7.  Br»wu  Bod  grey  loamj  cluj', 

S.  ^omi  Band  and  Hac  gravel,  with  pebbli 

of  fliol  and  liinf9tone. 
S.  Dark  blue  and  greenish  blue  city  with 

Ostren  deltoidea  at  base,  and  ochreouB     ~ 

debris  on  top. 

4.  Oolitic  brown  and  greenish  irouBtoae. 

5.  Grej  and  buJI  sncd  vith  scumu  of  lami- 

nated clay. 
S.  Rubbljbeda  of  marly  oolite  nnd  pisolite, 

and  marl. 
1.  FalM-bedded  oolite  with  tubiform  mark. 


The  details  of  the  super&cial  covering  vary  from  place  to  place. 
In  one  spot  the  blue  clay  overlying  the  Ironstone  contains  ferni- 
ginouB  layers.  Where  ihia  capping  oT  clay  is  absent  and  the 
Ironstone  comes  to  the  surface  or  is  merely  covered  by  saud  and 
gravel,  tht;  ore  is  reddish-brown  and  rusty  und  much  disinte- 
grated. On  the  whole  it  is  well-bedded,  presenting  either  ci 
reddish-brown  aspect  resembling  the  Abbotabury  iron-ore,  or  it 
dark  grey  or  greenish  appearance  with  dark  clayey  galls,  and 
with  rusty  joints.  Ita  maximum  thickness  is  noted  as  14  feet  by 
Messrs.  Blake  and  Hudleslon.  The  layers  oF  shelly  stone  with 
Oatrea  deltoidea  are  tlirown  aside  as  useless. 

The  calc-spar  that  fills  oblique  veins  in  tlie  Ironstone  probably 
marks  slight  disturbances,  and  the  material  may  have  been 
derived  from  the  calcareous  matter  in  the  overlying  sands  and 
limestone-gra  v  el  ■ 

Of  the  fossils  we  miss  the  Brachiopoda,  so  abundant  at  Abbots- 
bury,  but  large  Ammonites  are  not  uncommon.  In  the  Devizes 
Museum  there  are  specimens  over  1  foot  in  diameter.  The 
following  is  a  list  of  the  fossils  obtiuned  from  the  Ironstone  :— 


X  Ammonites  Berayeri. 
X decipiens. 

plicatilis. 

X pseudooordatas. 

Belemnitea. 

Bonrgaetia  (Pbssianella)  striata. 


X  Cardinm  delibatom. 

Lima  la)riascala. 

pectiuiformis. 

Myacitea  recaima. 

seonriformia  t 

X  Ostrea  deltoidea. 


no 
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X  Pecten  distriatns. 

fibrosus. 

X lens. 

midas. 


Pholadomya  {eqnalis. 
: hemicardia. 


A,"  lUlUCIB. 

X  Porna  qnadrata. 

The  species  marked  X  were  recorded  by 
the  other  species  were  collected  by  myself. 


Unicardiom. 

X  Serpnla. 

lignite. 

recorded  by  Messrs.  Blake  and  Hndleston*  ; 
id  by  myself. 


The  Limestone-beds  yielded 

Ammonites  plicatilis. 
Boorguetia  (Phasianella). 
Cerithium  mnricatam. 
Chemnitzia  (Psendomelania) 
heddingtonensis. 

( )  gigantea. 

Natica  corallina. 
Nerinsea. 
Astarte  ovata. 
Ezogyra  nana. 
Isocardia. 

The  pisolitic  matter  was  in  many  instances  accumulated  aronnd 
nniyalves  and  bivalves. 

The  limestone  is  quarried  for  use  as  a  flux  in  the  furnaces ;  formerly 
the  material  was  obtained  from  the  Great  Oolite  of  Bradford-on-Avon, 
HO  that  when  Messrs.  Blake  and  Hudleston  examined  the  area,  there  was 
but  a  poor  exposure  of  the  upper  portion  of  the  limestones. 


the  following  fossils : — 

Lucina. 

Ostrea  gregaria. 

solitavia. 

Pecten  fibrosus. 

qualicosta. 

vagans. 

Cidaris  florigcmma. 
EchinobrissuB  scutatus. 
Pseudodiadema. 
Oorals. 


Fig.  58. 
Section  north  of  the  Railway-station,  Wesibury,  Wiltshire. 


S.E. 


N.W, 


6.  Eimeridge  Clay. 

5.  Ironstone,  with  Ostrea  deltaidea,  &c. 

4.  Ferruginous  loam  and  sand. 

3.  Oolite  with  streaks  of  clay  and  pisolite.    Hie  upperm  >st  portion,  1  ft,  mainly 

oolitic  debris  almost  an  iron-ore,  with  spines  of  Cidaris,  Exogi/rd,  Ostrea 

solitaria,  &c. 
2.  False-bedded  oolite  (not  exposed). 
1.  Oxford  Clay. 

The  above  section  was  seen  north  of  the  lane  to  Storridge  Farm,  in  a  deep 
trench  that  was  exposed  in  1885,  and  it  confirms  the  account  given  by 
Mr.  Green  well,  as  previously  mentioned. 

The  Limestone-beds  here  rise  in  an  anticline  shown  north-west 
x>f  Weatbury  Station.  Westwards  the  beds  are  faulted  against 
the  Oxford  Clay,  so  that  we  do  not  see  any  exhibition  of  the 
Lower  Calcareous  Grit,  but  these  beds  were  proved  in  a  well 
(as  noted  'by  Mr.  Qreenwell),  which  was  sunk  at  the  Iron- 
works:— 


*  Quart.  Joutn.  Geol.  Soc.,  vol.  zxxiii.  p.  285;  see  also  Froc.  Geol.  Assoc., 
vol.  xiii.  p.  18S. 
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8.  Soil   .  .  -  - 

'7.  Ironstone     -  -  -  • 

TTf^r%A«.  p/x^iit'or.  J  ^-  Greenish  blue  and  brown  sand 
upper  uoraman  ^  ^   ^^^^  pisolitic  limestone,  with  beds 

of  mar]  and  sand   -  .  . 

r4.  Alternations  of  bine  rock  and  sand  - 

Lower  Corallian     ^'  ^^^^^^  ]?^^^  ^^  ^^*^  ^^^«®  ^^^^ 
fLower         <'  concretion 

^liower         <  2   ^^^^  ^^^^     ,  .  .  . 

calcareous  liritj.     ^   -^^^  ^^^^  ^^^^  ^20  gallons  of  water 

L        per  minute)  -  -  -      2      0 

It  is  not  clear  that  the  base  of  the  Corallian  beds  was  reached,  bat  the 
Oxford  Clay  would  not  be  far  below.  Indeed  we  have  the  record  of  a 
well-sinking,  noted  by  Messrs.  Blake  and  Hudleston,  who  state  that 
beneath  40  feet  of  oolitic  limestone  and  stiff  marl,  **  Loose  sands,  con- 
taining four  or  five  beds  of  rocks  about  1  ft.  thick  each  *'  were  proved  to 
a  depth  of  60  feet ;  and  **  The  well  left  off  in  dark  hard  rock,  from  which 
the  water  flowed  abundantly."* 

Steeple  Ashton  and  Seend. 

The  beds  in  Wiltshire  were  first  described  in  detail  by  Lonsdale, 
whose  observations  were  mainly  directed  to  the  sections  seen  in 
the  country  extending  from  Steeple  Ashton  to  the  neighbourhood 
of  Cahie.  Over  this  area  he  made  an  original  geological  survey 
of  the  Oolitic  rocks  on  the  one-inch  Ordnance  Maps.t 

In  the  neighbourhood  of  Steeple  Ashton  we  come  to  one  of 
the  most  famous  of  the  localities  for  the  "  Coral  Rag." 

The  Lower  Calcareous  Grit  was  well  shown  in  a  pit  west  of 
the  Seend  Iron-works,  where  sand  is  obtained  for  moulding,  for 
mortar,  and  for  brick-works.  The  general  aspect  of  the  beds 
reminded  me  of  sections  in  the  Norwich  Crag  Series.  The 
section  showed  about  12  feet  of  white  sand,  stained  yellow  and 
brown  by  iron-oxide,  with  seams  of  brown  clay,  impersistent  and 
broken  up,  showing  slight  disturbances  in  the  strata.  Some 
portions  of  the  sand  were  shelly,  with  fragments  of  PecteUy  Ostrea, 
and  Exogyra  nana.  Here  and  there  the  sand  was  cemented  into 
hard  stones,  like  greywetherg.  These  lower  beds  have  been 
described  by  Lonsdale,  who  notes  a  quarry  at  the  foot  of  the  hill, 
and  on  the  south-east  side  of  the  Trowbridge  road,  showing  25  feet 
of  the  strata.  I 

In  the  Devizes  Museum  there  are  specimens  of  Ammonites 
cordatuSy  A,  perarmatusy  A,  SutherlandicB,  and  A.  vertebralis,  from 
the  Lower  Calcareous  Grit  of  this  locality.  Other  species,  noted 
by  Messrs.  Blake  and  Hudleston,  are  as  follows  : — § 


Nautilus  hexagonus. 
Cerithium  muricatum. 
Littorina  (Turbo)  Meriani. 
Pleurotomaria  Munsteri. 


Area  eemula. 
Astarte  depressa. 
Avicula  ovalis. 
inadquivalvis. 


*  Quart  Joum.  Qeol.  See,  vol.  xxxiii.  p.  285. 

t  l*raD8.  Qeol.  Soc.,  ser.  2,  vol.  iii.  pp.  261-265.    The  MS.  Maps  are  preserved  in 
the  Library  of  the  Geological  Society  of  London, 
t  Ibid,,  ser.  2,  voL  iii.  p.  264. 
§  Quart.  Joum.  GeoL  Soc.,  vol.  xxsdii.  pp.  2S7,  288* 
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Lima  elliptica. 
Lncina  circmncisa. 
Modiola  sabseqniplicata. 
Opis  Phillipsi. 
Pecten  fibrosuB. 


Peoten  lens. 

subtextorins. 

Sowerbya  triangularis. 
Trigonia. 


The  limestone-beds  are  quarried  at  the  lime-kilns  south  of 
Steeple  Ashton,  where  the  stone  burns  to  a  strong  lime,  which 
however  is  used  for  manure,  as  well  as  mortar.  The  quarry 
showed  about  six  feet  of  marly  oolite  and  pisolite,  resting  on  a 
similar  thickness  of  obliquely  bedded  oolite,  which  is  used  for 
building-purposes,  large  blocks  of  it  being  raised.  The  section 
presents  tne  same  general  features  as  were  shown  at  Todbere.  (See 
Fig.  55,  p.  104.)  Chemnitzia  was  the  only  fossil  I  obtained  here. 
The  upper  and  pisolitic  beds  were  shown  by  the  road  north-west 
of  Keevil  Church,  and  again  by  the  lane  to  the  south-east  of  the 
lime-kilns  just  mentioned  near  the  brook,  where  the  beds  appear 
to  be  faulted  against  the  Kimeridgc  Clay  on  the  south-east  of 
Steeple  Ashton.  A  sliallow  pit  here  yielded  Acrosalenia,  Pseiido- 
diademay  and  Ostrea, 

It  is  above  this  spot  and  between  the  lane  just  mentioned  and 
one  further  north  (leading  from  Steeple  Ashton  in  an  easterly 
direction  towards  Hurst  Mill  and  the  Devil's  Dairy)  that  Corals 
have  been  obtained  in  such  abundance  in  the  ploughed  fields,  as 
to  render  the  locality  so  noted. 

Formerly  the  strata  were  more  extensively  worked  in  quarries 
than  they  now  are  ;  *  and  possibly  the  Coral-beds  were  opened 
up.  As  it  is,  specimens  can  only  be  gathered  in  fair  abundance 
from  the  ploughed  field  near  the  junction  of  the  two  lanes,  where, 
as  Messrs.  Blake  and  Hudleston  remark,  *^  every  stone  is  still  a 
coral,  though  the  best  have  long  since  been  removed."  I  obtained 
a  number  of  examples,  including  Comoseris  irradiansy  Isustrcea 
explanata,  Stylina  tubuliferay  Thamnastrcea  arachnoides,  T. 
concinna,  and  Thecosmilia  annularis.  Many  of  these  are  much 
iron-stained. 

There  can  be  no  doubt  that  the  Coral  Bag  occurs  above  the 
mass  of  the  limestones  at  Steeple  Ashton.  Of  beds  between  the 
Coral  Rag  and  Kimeridge  Clay  I  saw  no  exposures  near  Steeple 
Ashton,  nor  any  evidence  of  the  iron-ore  noted  by  Mr.  Greenwell 
(p.  108).  Messrs.  Blake  and  Hudleston,  however,  mention  that 
•*the  high  ground  round  the  village  church  is  highly  charged 
with  red  oxide  of  iron  ;  and  pits  are  said  to  have  been  dug  here 
for  ore."  t  I  should  rather  have  expected  the  ironstone  (if 
present)  to  occur  considerably  to  the  cast  of  Steeple  Ashton,  and 
east  of  Keevil.  It  is  however  possible  that  the  faulted  junction 
of  Corallian  Beds  and  Kimeridge  Clay  may  be  continued  further 
to  the  north-rwest  than  shown  on  the  Geological  Survey  Map. 
Messra.  Blake  and  Hudleston  notice  evidence  of  the  Coral-bed  to_ 
the  south-east  of  East  Ashton.     Lonsdale  had  referred  pertain 

♦  li^dgwick,  Ann.  Phil.,  vol.  xxvii.  (.jer.  2,  vol.  xi.)  p.  349. 
t  Quart.  Journ.  Geol.  Soc,  vol.  xxxiii.  p.  286. 
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beds  in  the  district  to  the  ^*  Upper  Calcareous  Grit/'  but  from  his 
account  of  their  exposure  between  West  Ashton  and  Dunge^  &c^ 
they  evidently  belong  to  the  Lower  Corallian  Beds. 

On  the  northern  side  of  Seend  the  outcrop  of  Corallian  Beds  is 
reduced  to  so  narrow  a  limit  that  it  seems  most  probable  there  is 
a  fault  followincr  the  local  strike.  This  line  of  disturbance  pro- 
bably extends  from  the  ascertained  fault  of  Trowbridge  and 
Semington,  to  the  south  of  the  Seend  Iron-works  and  thence  in  an 
E.N.E.  direction  to  the  north  of  Rowdc,  probably  between  Kowde 
Farm  and  Kowdeford.  On  the  south  side  of  this  presumed  fault, 
between  Seend  and  Rowde,  there  is  no  evidence  of  Corallian 
rocks,  the  groimd  by  Seend  Bridge  being  clay  and  probably 
Kimeridge  Clay.  Just  above  the  pit,  in  Lower  Calcareous  Grit, 
near  the  Seend  Iron-works,  I  noticed  traces  of  pisolitic  marls,  &c., 
probably  on  the  south  side  of  the  fault. 

Between  Rowde  and  Bromham  the  Corallian  Beds  are  largely 
concealed  by  the  Lower  Greensand,  but  we  find  evidence  of 
Lower  Calcareous  Grit  in  a  lane  by  Rowde  Wick,  with  Ammo- 
nites  perarmatus  and  Ostrea  grcgaria.  Again  south  of  Bromham 
there  is  a  narrow  scarp  of  ihe  Lower  Calcareous  Grit,  consisting 
of  sand  and  calcareous  grit,  passing  down  by  alternations  of  sand 
and  clay  into  the  Oxford  Clay. 

On  the  south  side  of  Sandridge  Hill  we  find  buflT^and  brown 
sands  with  bands  of  calcareous  sandstone  dug  to  a  depth  of  8  feet. 
Higher  beds  were  shown  at  the  Westbrook  lime  works  (now 
abandoned),  and  there  Messrs.  Blake  and  Hudleston  noticed 
**  layer  upon  layer  of  large  masses  of  Thamnastrcsa  concinna  and 
Isastraa  explanata,  bored  by  the  characteristic  Lithodomus 
inclususr  (See  p.  72.)  This  band  "  spreads  over  the  surface, 
resting  immediately  upon  a  bed  of  sand,  which  is  itself  not  far 
removed  in  elevation  from  the  Oxford  Clay.  The  spaces  between 
the  coral  growths  are  filled  with  a  rubbly  brash,  made  up  of 
comminuted  materials,  and  sometimes  with  clay  charged  with 
fragments  of  shells.  These  intercoralline  accumulations  obtain 
the  mastery  here  and  there ;  corals  disappear,  and  we  have  great 
rubbly  beds  of  shelly  clay  and  limestone  brash  forming  the  whole 
reef."     From  these  beds  they  record  the  following  fossils  : — * 


Littorina  muricata. 
Exogyra  nana. 
Gastrochsena  rccondita. 
Lima  densepanctata. 
pectiniformis. 


Ostrea  gregaria.f 
Pecten  lens. 

subtextorius. 

Cidaris  Smithi. 
Psendodiadema  yersipora. 


Opis  Phillipsi. 

The  section  is  of  considerable  interest  in  showing  the  local 
development  of  a  coral  bank  in  the  lower  part  of  the  limestone 
series.  It  shows  the  variable  nature  of  the  beds,  and  confirms  the 
view  that  the  strata  above  the  Lower  Calcareous  Grit  may  for 
stratigraphical  purposes  be  conveniently  regarded  as  one  group. 

*  Quart.  Jonrn.  Geol.  Soc,  toL  xzxiii.  pp.  288,  289. 

t  A  claster  of  these  shells  (O.  gregaria)  from  Steeple  Ashton  is  preserved  in  the 
Maseom  of  Practical  Geology. 
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To  tbe  north  of  this  area  the  Corallian  Beds  are  partially- 
obscured  by  coverings  of  ferruginous  sand  and  ironstone  belonging 
to  the  Lower  Greensand. 

Calne 

The  neighbourhood  of  Calne  affords  many  fine  sections  of  the 
Corallian  rocks. 

The  Lower  Calcareous  Grit,  about  25  feet  thick^  has  been 
quarried  for  road-metal  on  Derry  Hill,*  and  sections  are  now  to 
be  seen  near  Conygre  Farm,  to  the  north-east  of  Calne.  The  beds 
comprise  sands  and  loamy  clays  with  irregular  bands  of  ferru- 
ginous and  calcareous  sandstone,  the  latter  somewhat  cherty  in 
places.  Fossils  are  most  abundant  in  the  loamy  beds,  the  more 
common  being  Ammonites  perarmatus,  Ckemnitzia,  Pleurotomaria^ 
Avicula  ovalisy  Exogyra  Jiana,  Goniomya  v.'-scriptay  Gryphaa  dila- 
tata,  MyaciteSy  and  Ostrea  gregaria. 

Higher  beds  are  exposed  near  the  Union  workhouse,  where  the 
Calne  freestone  is  quarried  beneath  a  capping  of  marl  and  rubble. 
Here  we  find  false-bedded  coarse  oolite  and  marl,  shelly  in  places 
and  vAih  occasional  clay-seam<«,  that  have  been  opened  up  to  a 
depth  of  nearly  20  feet 

Not  many  fossils  were  to  be  found  at  the  time  of  my  visit,  but 
subsequently  Mr,  J.  Rhodes  saw  a  deeper  section  in  the  quarry 
and  obtained  many  fine  specimens  of  Hemicidaris  intermedia  for 
which  this  locality  is  famous.  It  occurs  at  or  near  the  base  of 
the  freestone,  where  slabs  containing  a  number  of  specimens  with 
spines  can  sometimes  be  procured.  Other  fossils  include  Echino- 
brissus  scutatus,  PectenJibrosuSy  and  Trigonia  perlata, 

Messrs.  Blake  and  Hudleston  have  published  a  list,  including 

Cidaris  florigemma^  and  they  point  out  that  the  freestones  merge 

upwards  into  beds  of  Coral  Kag,  with  ThamnastrtBa  and  Cidaris 

florigemma,  that  may  be  traced    near  Quemerford  beneath  the 

Kimeridge  Clay.t 

The  freestones  are  separated  from  the  Lower  Calcareous  Grit 
by  about  30  feet  of  strata^  According  to  Messrs.  Blake  and 
Hudleston  a  well  sunk  near  the  Union  workhouse,  passed  through 
20  feet  of  blue  oolitic  rock  and  10  feet  of  light  hard  marl. 

Mr.  W.  A.  Baily,  of  Cirencester,  informed  me  that  many  years 
ago  he  obtained  numerous  specimens  of  the  Hemicidaris  intermedia 
from  openings  east  of  Calne  Church.  In  the  quarries  it  seems  that 
examples  are  found  in  abundance   at  intervals,   apparently   in 

Soups,  as  is  the  case  with  Acrosalenia  pustulata  in  the  Great 
olite  of  Cirencester,  f 

At  Hillmarton  bands  of  Coral-rock  and  clay  have  been  exposed, 
and  Messrs.  Blake  and  Hudleston  have  obtained  from  them  many 
fossils  characteristic  of  the  **  Cidaris  florigemma  Kag."     At  Goat 

*  *  See  also  record  of  section  at  Spirt  hill  (Spirit  hill),  north-east  of  Bremhill,  by 
Lonsdale,  Trans.  Gleol.  Soc.,  ser.  2,  vol.  iii.  p.  264. 
t  Quart.  Joum.*  Geol.  Soc,  vol.  xzxiii.  p.  290. 
•  {  See  Memoir  on  the  Lower  Oolitic  Uocks  of  England,  p.  283. 
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Acre  to  the  north,  fake-bedded  limestones  quarried  for  building- 
purposes  are  again  developed.  These  are  described  by  the  same 
authorities :  the  strata  include  layers  of  clay,  and  yield  Bourguetia 
(Phasianella)  striata,  Chemitzia  heddingtonensis,  Cidaris  flori^ 
gemma,  8iC,  The  beds  are  also  quarried  at  Preston  to  the  north- 
east, where  fine  specimens  of  Echinobrissus  scuiatus  and  other 
fossils  are  met  with.''^ 

Rubbly  Ooral-rock  is  exposed  by  Hillocks  Mill,  north  of 
Lyneharo.  In  this  neighbourhood  the  beds  form  a  fine  escarpment. 
To  the  eastwards  beds  of  ferruginous  sand  have  been  mapped 
as  **  Upper  Calcareous  Grit,"  and  this  is  separated  from  the  Coral 
Kag  by  a  parting  of  clay.f 

To  the  south  of  Tockenham  Wick  we  have  an  opportunity  of 
seeing  the  relations  of  the  Coral-beds  to  the  underlying  sands  of 
the  Lower  Calcareous  Grit,  which  appear  to  be  much  attenuated 
near  Clack,  Wootton  Bassett  and  Purton.  There  were  two 
quarries,  the  southern  of  which  showed  9  feet  of  rubbly  coral 
limestones,  in  irregular  beds  with  partings  of  marly  clay.  Towards 
the  base  the  beds  become  pisolitic  and  oolitic.  I  obtained  the 
following  fossils : — 


Cerithimn  mnricatum. 

Littorina  mnricata. 

Astarte. 

Cardinm. 

Exogyra  nana. 

Gastrochaena  P 

Lima  duplicata. 

rigida. 

Lithodomus  inclnsns. 
Ostrea  gregaria. 
Pecten  articalatns. 


Pecten  lens. 
Serpula  tricarinata. 
Cidaris  florigemnia  (spines). 
Hemicidaris  intermedia. 
Echinobrissus  scntatus. 
Psendodiadema  versipora. 
Isastraaa  explanata. 
Stylina. 

Thamnastrsea  Lyelli. 
Thecosmilia  annularis. 
Sponge. 


The  pit  near  Tockenham  Wick,  a  little  further  north,  showed 
the  following  beds : — 

Ft.  In. 

Irregular  masses  of  Coral-limestone 
and  gre^  slightly  oolitic  limestone, 
with  Cidaris  florigemma  (spines) ; 
passing  down  into  oolitic  and  pisolitic 
marl  Q  ft.  or  more).  The  fossils  are 
coated  with  calcareous  matter,  and 
include  Natica,  Astarte,  Ostrea,  and 
Eohinohrissus  -  -  -      8      0 

Oolitic  marl  with  concretionary  lumps 
of  oolite:  Natica. 

Brown  and  grey  sandy,  oolitic,  and 
pisolitic  marl,  with  race ;  and  at 
oase,  a  band  of  ironstone-nodules  with 
ochreous  kernels     -  -    1    6  to       2      0 

{Ferruginous  sand  with  lignite,  and  buff 
Mse-bedded  sand  with  comminuted 
shells,  ferruginous  layers,  ironstone- 
nodules,  and  occasional  clay-seams    -    10      0 


Upper  CoralliaD. 


-i 


Lower  Calcareous 
Grit. 


*  Quart.  Joum.  Geol.  Soc,  vol.  zxxiii.  p.  293. 

t  Ayeline,  in  Geol.  parts  of  Wilts  and  Gloucestershire,  p.  22  ;  LoDsdale,  Traug. 
Geol.  See,  ser.  2,  vo!.  iii.  p.  262. 
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Somewhat  similar  sections  at  Green's  Cleeve  and  Catcombe,  to 
the  south  of  Clack,  are  recorded  by  Messrs.  Blake  and  Hudleston.* 
Lower  Calcareous  Grit  is  shown  to  a  thickness  of  6  feet.  I  was 
informed  that  near  Clack,  rock-j  that  are  turned  up  by  the  plough 
are  known  as  Hitching  stones,  as  the  plough  *'  hitches  "  against 
them;  such  rocks  are  very  suggestive  of  the  irregular  concre- 
tionary masses  in  the  Calcareous  Grit.  At  Grittenham  Hill  the 
thickness  of  the  Lower  Calcareous  Grit  is  stated  by  Professor 
Hull  to  be  about  50  feet.t 

Comparing  the  Corallian  Beds  of  North  Dorset  with  those  of 
Westbury  and  Calne  in  Wiltshire  we  may  roughly  correlate  them 
as  follows  (see  Fig.  56,  p.  107)  :— 

•KT    x-L  Tk       I  Westbury  aiid 

NoHh  Dontt.  c-o/xe,  WilU. 

5.  FermginoaB  Beds.  5.  IronBtone. 

4.  Clays,  &c,  4.  Sands  and  Clays. 

yr  3.  Sandy,   shelly,  and  3.  Kubbly  oolite,  coral- 

/i   ^?r'^  <  ooliticlimestones.  beds,  and  pisolite. 

Uorainan.  ^   Mamhnll  and  Todbero  2.  Calne  freestone,  Ac. 

I  freestone,  and  pisoli- 

L  tic  beds. 

Lower         /  I.  Clays  and  sands  with      1.  Lower    Calcareous 

Corallian.       \  doggers.  Grit. 

The  general  sequence  compares  well  with  that  of  the  Wejrmouth 
district.  Bed  1.  may  represent  the  Nothe  Bods  and  Bencliff  Grits ; 
bed  2.  the  Osmington  Oolite;  bed  3.  the  Trigonia  Beds;  bed  4.  the 
Sandsfoot  Beds ;  and  bed  5.  the  Abbotsbury  iron-ore. 


Wootton  Bassett  and  Swindon, 

In  the  neighbourhood  of  Wootton  Bassett  the  Corallian  Rocks 
are  faulted  on  the  south  against  the  Kimeridge  Clay,  and  we  have 
no  sections  to  show  the  complete  sequence  of  the  strata. 

The  Upper  Division  consists  of  a  variable  series  of  coral- 
limestones^  with  bands  of  clay^  together  with  oolitic  and  pisolitic 
marls  and  limestones;  it  is  about  30  feet  thick.  The  Lower 
Division  is  not  well  exposed^  it  comprises  sands  with  clay-seams, 
ironstone-nodules  and  occasional  bands  of  calciferous  shelly 
sandstone.  It  appears*  at  most  to  be  10  feet  thick,  but  in  some 
places  it  maybe  less^for  it  has  not  been  recognizable  on  the 
ground,  and  the  Geological  Survey  Map  shows  the  Upper  Division 
resting  on  the  Oxford  Clay. 

A  well-boring  at  the  Beaufort  Brewery,  north  of  the  railway- 
station  at  Wootton  Bassett,  proved  a  thickness  of  30  feet  of 
Corallian  Rocks  (base  not  reached),  beneath  84  feet  of  the 
Kimeridge  Clay.  Water  no  doubt  was  obtained  from  the  Lower 
Calcareous  Grit:  the  beds  passed  through  being  described  as 
coral-rock,  and  thin  bands  of  rock  and  clay  (mostly  rock). 

*  Quart.  JoarD.  Geol.  Soc.,  vol.  xxxiii.  p.  294. 
t  Geol.  parts  of  Wilts  and  Gloucestershire,  p.  21. 
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At  Banner's  Ash,  north  of  Wootton  Bassett,  we  find  the  rubbly 
grey  coral-limestones  and  clay  beds ;  and  tlie:?e  are  again  well 
exposed  in  quarries  north-west  of  Purton  Church. 

The  details  vary  a  good  deal,  but  the  general  section  at  Purton 
is  as  follows: — 


Ft.  In. 


Upper 
Corallian. 


0 


^10      0 


Rubbly-grey    earthy     coral-limestones 

and  clay  beds,  with   Lima  pectlnu 

formis^  Lithodomus  inclusus,  Ostrea, 

Feden,  Trigonia,  Cidaria  florigemma, 

&c.       -  -  -  -  - 

Marly    pisolitic    beds,    indarated     in 

places  -  -  -  -  - 

J  Thick  irreffolar  bands   of  shelly  and 

pisolitic   limestone     and    coral-rock 

alternating  with  softer  pisolitic  beds 

Shelly  oolitic  limestones  and  earthy 
ana  shelly  limestones  (nsed  for 
baildiug-stone} :  Cidarisflorigemma- 


The  beds  at  Banner's  Ash  were  regarded  by  Messrs.  Blake  and 
Hudleston  as  **  in  the  form  of  a  true  reef,  with  massive  Tfaam- 
nastraean  corals  in  full  development,  and  with  an  abundant  fauna, 
including  Nerita  GuerreV*  I  obtained  Cidaris  florigemma^  Thecos- 
milia  annularis,  and  Lima  rigida.  From  the  lower  beds  at  Purton, 
Messrs.  Blake  and  Hudleston  record  Littorina  mnricata,  Avicula 
ovalis,  Lima  rigida,  L,  rudis^  Ostrea,  Pecten  articnlatus  (vimineus), 
Perna  mytiloidesy  and  Cidaris  jiorigemma* 

A  cutting  on  the  Midland  and  South- Western  Junction 
Railway  east  of  Sparsholt  Farm  (where  the  Great  Western 
Railway  crosses)  showed  a  good  section  of  the  Upper  Corallian 
rocks.  So)ith  of  the  bridge  (see  Fig.  59)  the  beds  consist  of  grey 
earthy  limestone  and  clay,  with  layers  of  compact  coral-rock, 
with  Thecosmilia  annularis^  Sponge-remains,  Lithodomus  inclusns, 
and  Gastrochcena  recondita% 

The  beds  are  no  doubt  faulted  on  the  south  against  the 
Kimeridge  Clay. 

North  of  the  bridge  we  find  at  the  base,  beds  of  grey  clay  with 
bands  of  rubbly  irregular  grey  marly  and  septarian  limestone, 
containing  Lima  pectiniformis,  Exogyra  nana,  and  Cidaris 
florigemma.  Above  there  is  a  seam  of  black  carbonaceous  clay, 
and,  on  top,  clay  with  two  layers  of  stone  that  coalesce  towards  the 
north.  Here  again  Cidaris  is  met  with.  The  thickness  near  the 
bridge  is  about  1 2  feet,  but  altogether  about  20  feet  of  Corallian 
beds  are  shown.  The  occurrence  of  black  carbonaceous  bands 
near  Faringdon  was  noted  by  Messrs.  Blake  and  Hudleston  as 
indicative  probably  of  the  proximity  of  land.f 


*  Quart.  Joiini.  Geol.  Soc.,  vol.  xxxiii.  p.  295 ;  see  also  Hull,  Geol.  parts  of  Wilts 
and  Gloucestershire,  p.  22  ;  and  Proc.  Cotteswold  Club,  vol.  vi.  p.  293. 
f  Quart.  Journ.  Geol.  Soc,  vol.  zzxi.  p.  303. 
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Fig.  59. 

Section  on  the  Midland  and  Souths  Western  Junction  Railway, 
west  of  Rodboum  Cheney,  near  Swindon. 


S. 


Great  Western 
Railway  Bridge. 


N. 


Upper  Corallian  Beds. 

'  Further  north,  near  Elbro  bridge,  the  Lower  Corallian  Bocks 
are  shown  (between  two  bridges)  resting  on  grey  and  dark  blue 
clay  ferruginous  in  places,  with  GryphtBa  dilatata  and  Pecten 
subtextorius.  The  beds  here  have  a  southerly  dip,  and,  as  shown 
on  the  Geological  Survey  Map,  they  are  again  faulted  on  the  south 
against  the  Eimeridge  Clay. 

A  number  of  fossils  were  collected  from  Blunsdon  by  Prof. 
Buckman.*  The  upper  beds  comprise  rubbly  limestones  with 
many  Corals  and  Echinoderms.  Here,  again,  the  Lower 
Calcareous  Grit  was  not  well  shown,  and  is  apparently  thin.t 

In  the  deep  well  at  Swindon,  the  beds  from  72  to  112  feet, 
having  a  thickness  of  40  feet,  have  been  assigned  to  Corallian 
Bocks  by  Mr.  £.  T.  Newton  and  myself.  They  were  as 
follows : —  t 


Upper 
'orallian. 


Oora 


Lower 
Oorallian. 


} 


Compact  grey  marly  and  shelly  lime* 
Rtones,  marl  and  clay  -  -  - 

Alternate  beds  of  clay  and  gritty  lime- 
stone, shelly  in  places  •  • 

Clay,  Ac.  -  .  .  - 

Compact  grey  limestone,  shelly  and 
oolitic  in  places,  and  calcareous  grit 
with  clay  seams  -  .  - 

Sand,  clay,  and  oolitic  sandy  marl 


Ft.  Ik. 
14      7 


7 

3 

4 

0 

5 

10 

8 

5 

40 

1 

Towards  the  base  of  what  we  included  in  the  Kimeridge  Clay 
at  Swindon,  there  was  a  bed  of  iron-shot  earthy  limestone,  six 
inches  in  thickness,  which  ha3  yielded  Ammonites  cordatus,  var. 
excavatus,  a  well-known  Lower  Kimeridge  fossil,  though  found  here 
in  the  Oxford  Clay.  A.  rotundus  likewise  occurs,  and  this  is  a 
IQmeridge  form.  Ostrea  deltoidea  occurs,  and  this  species  is 
abundant  in  the  Upper  Corallian  beds  in  many  localities.  Thb 
fossiliferous  bed  reminded  me  of  the  gritty  limestone  of  Bing- 
stead  Bay,  near  Weymouth,  termed  the  "  Kimeridge  Grit"  by 
Damon,  and  known  also  as  the  "  Upper  Coral  Rag." 


*  Quart.  Joum.  Geol.  Soc,  vol.  xiv.  p.  126. 

t  See  Hall,  Explan.  Hor.  Sec.,  Sheet  59,  p.  2. 

{  Quart.  Journ.  Geol.  Soc.,  voi.  xlii.  pp.  2SS,  293,  300. 
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The  fossils  found  in  the  Swindon  bed  are  not  sufficient  to 
•enable  any  palseontological  comparison  to  be  made ;  but  when  we 
compare  the  Swindon  section  with  that  at  Highworth^  about  six 
miles  to  the  north-east^  we  might  be  disposed  to  put  more  than 
we  have  included  with  the  Corallian  Rocks  at  Swindon.  Never- 
theless at  ^'  Bodboum  Lane/'  the  lane  leading  from  Swindon 
towards  Rodbourn  Cheney,  the  record  of  a  well-sinking  has  been 
given  as  follows  :— 

Ft. 
Kimeridge  Clay  -  -  -  -  68 
Corallian  Beds  -  •  -  -  27 
Oxford  Clay 36 

131 

The  Corallian  Beds  north  of  Swindon  comprise  on  the  whole  a 
very  argillaceous  set  of  beds,  and  therefore  the  actual  limits  of  the 
formation  can  only  be  given  approximately. 

At  the  same  time  it  seems  likely  that  the  Lower  Calcareous 

.  Grit  is  of  variable  thickness  in  this  district,  becoming  perhaps 
more  attenuated  from  north  to  south,  as  is  the  case  further  east 

•near  Abingdon.  Phillips  mentions  that  quicksands  were  reached 
in  a  well  at  Even-Swindon,  after  the  Kiperidge  Clay  and 
Coralline  Oolite  had  been  penetrated ;  for  "  Then  burst  up  a 
great  stream  of  water,  followed  by  sand  in  such  abundance  as  to 
fill  the  well  to  a  considerable  height."  * 

Highworth. 

In  the  neighbourhood  of  Highworth  there  are  a  number  of 

interesting  sections,  and  these  afford  evidence  of  the  presence  of 

what   has   locally   been   termed    an    "Upper   Calcareous    Grit" 

division.     It  may  correspond  roughly  with  the  Sondsfoot  Beds  of 

Weymouth. 

This  sequence  was  very  clearly  pointed  out  by  Lonsdale^t  and 
subsequently  by  Messrs.  Blake  and  Hudleston.J 

Summarizing  the  evidence  obtained  by  sections  near  Highworth 
railway-station,  tlie  brickyard  north-west  of  the  church,  and  the 
quarry  and  brickyard  south  of  the  town,  we  find  the  following 
sequence : — 

Ft.  In. 

"Rubbly  coral-rock,  with  Tliecoamilia 
annularis,  &c.  [full  thickness  esti- 
mated at  6  feet]  §         -  -  .20 

Brown  and  white  current-bedded  sand, 
with  derived  oolitic  grains,  and  with 
layers  of  oolitic  sandstone  (**  Upper 
Calcareous  Grit ")       -  •  -      7 


¥ 


*  Geol.  Oxford,  &c.,  p.  298. 

t  Trans.  Geol.  Soc,  ser.  2,  vol.  iii.  p.  262. 

t  Quart.  Journ.  Geol.  Soc.,  vol.  xxxiii.  pp.  297,  &c. 

§  B.  F.  Tomcf*,  Ibid.,  vol.  xxxiz.  p.  556. 

82428. 
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Ft.   Ln-. 


Upper 
Corallian. 


Lower 

Calcareous 

Grit. 


Brown  laminated  loamy  clay,  passing 
down  into  blue  loamy  clay,  with 
calcareous  concretions  in  places         -      5      0 

Oolitic  marly  clay  -  -  -      0       6 

Oolitic  and  pisolitic  limestone,  and 
softer  marly  and  sandy  bands :  with 
layer  of  very  shelly  limestone  at  base 
in  places  -  -  -  -      5      6 

Riibbly  irregular  Coral-bed  with 
T1ieco87nilia  annularis,  Montlivaltia 
disjxir,  &c.        -  -  -  -      2      0 

Shelly  gritty  and  calcareous  rock  with  116 
ferruginous  parting,  and  Corals         -  >•      to 

Shelly  oolitic  layer  (impersistent)  ■  J    8      0 

Hard  calcareous  grit  with  tubiform 
markings :  irregular  band      -  -      1      6 

Brown  and  white  sands,  with  bands  of 
calcareous  sandstone,  and  tubiform 
markings :  seen  to  depth  of   -  -    15      0 


The  species  of  Corals  are  here  recorded  on  the  authority  of  Mr. 
R.  F.  Tomes.  Other  fossils  obtained  by  myself  from  the  Coralline 
Oolite  were  Chemnitzia  heddingtonensis  (abundant),  Exogyra  nana^ 
Lima  rigida,  MyaciteSy  Ostrea  solitaria,  Pecten  articulatusy  P, 
fibrostiSy  Unicnrdiumy  Echinobrissus  scutatus,  spines  ot  Cidarisy 
and  Serpula,  Messrs.  Blake  and  Hudleston  record  many  other 
species,  including  Ammonites  cordatus^  A,  goliathusy  A.  plicatilisy 
and  A.  perarmatus ;  a  remarkable  and  interesting  assemblage 
from  the  tipper  Corallian  Beds. 

We  have  here  a  thickness  of  from  45  to  50  feet  for  the 
Corallian  Beds,  which  agrees  generally  with  the  thickness  assigned 
to  the  formation  in  the  Swindon  Well.  It  must  be  remembered, 
however,  that  we  have  not  the  complete  section;  Prof,  Hull 
assigned  a  thickness  of  100  feet  to  the  beds^  and  Messrs.  Blake 
and  Hudleston  have  (doubtfully)  assigned  a  thickness  of  84  feet 
to  the  Lower  Calcareous  Grit^  including  passage-beds  down  into 
the  Oxford  Clay.* 

Between  Sevenhampton  and  Watchfield  towards  Shrivenham, 
the  thickness  of  the  beds  is  estimated  at  about  30  feet  by  Messrs. 
Blake  and  Hudleston.t 

At  Shrivenham  the  upper  beds  comprise  *^  a  local  deposit  of 
ferruginous  "  sand  which  was  traced  over  a  considerable  area  by 
Prof.  Hull.  This  **  is  sepamted  from  the  Coral  Rag  by  a  parting 
of  clay/'  as  at  Lyneham.f 

Doubtless  it  may  be  difficult  in  some  places,  in  the  absence  of 
the  upper  coral-band,  to  discriminate  between  this  *' Upper 
Calcareous  Qrit/'  and  the  Lower  Greensand  which,  here  and 
there,  stretches  on  to  the  Corallian  Rocks. 

The  record  of  a  well-section  at  Shrivenham  House,  to  the  south- 
east of  Shrivenham  Church,  furnishes  us  with  some  knowledge 
of  the   strata ;  but   the   record   is   difficult   to   interpret.      The 


*  Quart.  Journ.  Geol.  Soc,  vol.  xxxiii.  pp.  299,  300,  and  Table,  p.  404. 

t  Ibid.,  p.  296. 

X  Geol.  parts  of  Wilts  and  Gloucestershire,  p.  22. 
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details,  communicated  by  Mr.  J.  H.  Blake,  were  obtained  from 
Mr.  Edward  Margrett  of  Reading,  who  made  the  boring  in  1887. 
The  section  was  as  follows : — 


Upper 

Corailian 

(tho  t«p  30 

feet  included 

with  doubt) 


Lower 
Corailian. 


f  Loamy  clay  and  sand 
Quicksand  ... 

Sandy  clay         ... 

(thet#p30    ^  S^^l^^X'''*^?.*^^  ^    • 

otin  clay  with  shells 
Light  Corailian  stone     - 
_Blne  rock  with  yellow  crystals  - 
"  Light  coloured  clay 
Light  blue  clay  with  beds  of  sand ;  with 
water,  which  rose  to  about  13  feet 
below  the  sui'face. 


Ft. 

9 

2 

0 
18 

2 
10 

0 
10 

1 


In. 
0 
3 
9 
0 
3 
0 
() 
6 
6 


54      0 


The  evidence  here  as  at  Faringdon^  shows  that  the  mass  of 
Coiallian  rock-beds  is  some  10  or  12  feet  thick.  Betvreen 
Sevenhampton  and  Watchfield  the  whole  of  the  Corailian  Beds, 
as  remarked  by  Messrs.  lilake  and  Hudleston,  may  be  no  more 
than  30  feet  thick.  They  refer  to  '*  a  considerable  mass  of  reddish 
sands,  which  at  Shrivenham  village  are  of  importance ;  but  of 
their  precise  nature  and  thickness  we  have  no  opportunity  of 
judging."*  The  above  record  gives  the  nature  of  these  beds,  but 
affords  no  actual  evidence  of  the  Corailian  age  of  the  higher 
strata. 


Faringdon  to  Abingdon, 

The  Corailian  Beds  at  Faringdon  have  been  very  fully  described 
by  Messrs.  Blake  and  Hudleston.  In  the  brickyard  south-east  of 
tne  town,  about  two  feet  of  ferruginous  earth  with  lumps  of 
calcareous  clay,  ironstone,  and  fragments  of  Ostrea  deltoidea  and 
Serpula  tricarinatay  was  seen  to  intervene  between  the  Kimeridge 
Clay  and  the  Coral  Bag.  The  bed  like  that  at  Shrivenham 
called  to  mind  the  ^*  great  development  of  this  class  of  rock  at 
Sandsfoot  Castle/* 

A  quarry  near  the  workhouse  showed  the  following  succession : — 

Ft.    Ik. 
'Coral  Rag  (quarried  for  lime-burning) 
Ked  clay  parting,  and  broken  Raff 
Hard    limestone,    pisolitic    in   places, 
with  Thecosmilia  in  upper  part  (road- 
stone)  -  -  -  -  . 

Nodular  and  shelly  oolite  with  Pygasier 
tmln'ella,  EchindbrUsus  scutaUM,  &c. 
(road-stone)     -  -  .  - 

J  Gritty  limestone,   moderately    oolitic, 
]      with  Jstarte  auata,  Hinnites  iutnidus, 

IPscten    fihrosxbs,    P.    len^y    Trigonici 
Meriani,  T,  perktia  (road-stone)  -       1       1 


Upper 
Coralliui. 


6 

0 


0 
4 


0 


0 


*  Quart.  Joum.  Greol.  Soc,  vol.  zxxiii.  p.  296. 
t  Ibid,,  yol.  xxxiii.  pp.  801,  802. 
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Lower 
Coralliaii. 


V. 


Ft.  In. 

LimeBtonc,  partially  ooli  tic,  with  flat- 
tened lumps  of  marl  (road-etone)       -      0      8 

Iron-stained  sandy  and  blue-hearted 
oolites,  with  lignite,  Oervillia  avicu- 
loides,  Fecten  Tens,  Pema  myliloides 
(building-stones)         -  -  -      3      0 

Sands  and  sandy  clays  -  -  [about    70      0] 


A  bore-hole  at  the  Eagle  Brewery,  Fariugdon,  after  passing  through 
22  feet  of  soil  and  rock-beds  (limestones,  &c.),  was  carried  to  a  further 
depth  of  70  feet  in  sands  and  sandy  clays,  with  occasional  indurated  bands ; 
and  then  into  grey  sandy  clay  (Oxford  Clay  P)  to  a  depth  of  22  feet.  The 
thickness  of  the  Lower  Oalcareous  Grit  on  the  Lechlade  Boad  near 
Faringdon,  was  estimated  at  about  60  feet  by  Prof.  Hull.* 

In  quarries  to  the  east  of  Faringdon,  Messrs.  Blake  and 
Hudleston  noticed  the  sandy  nature  of  the  Upper  Corallian  beds, 
with  Cidaris  florigemmay  &c.  They  observe,  moreover,  that  in  all 
tie  quarries  there  is  a  kind  of  passage  bed  to  the  Lower  Calcareous 
Grit.t 

In  a  quarry  described  by  Prof.  Hull,  a  quarter  of  a  mile  east  of 
Kingston  Bagpuize,  the  lower  beds  of  Grit  were  very  obliquely 
bedded.  (See  Fig.  60.)  He  notes  the  pebbly  nature  of  the  beds^ 
and  estimates  the  total  thickness  of  the  Lower  Calcareoiis  Grit 
as  from  20  to  80  feet,  while  the  Upper  Corallian  is  about  10 
feet4 

Fig.  60. 

Qtiarry  near  Kingston  Bagpuize^  West  of  Abingdon. 

(Prof.  E.  Hull.) 


I  ,•; 


A.  Upper  Corallian  (Coral  Bag).  Kubbly  and  shelly  limestone,  with  casts  of 

shells ;  few  Corals. 

B.  Lower  Corallian  (Calcareous  Grit).     Irregular  beds  of  calcareo-siliceont 

rock,  conglomeratic,  fossils  fragmentary,  alternating  with  coarse  brown 
siliceous  sand,  with  pebbles  of  quartz,  lydian-stone,  &c.  Beds  obliquely 
laminated. 

The  sections  near  Highworth  and  Faringdon,  show  that  there 
as  elsewhere  the  Corallian  Beds  are  exceedingly  variable. 

At  the  Lamb  Inn  near  Fy  field  the  following  section  was  to  be 
seen: — 


*  Geol.  parts  of  Wilts  and  Gloucestershire,  p.  2t. 
t  Quart.  Joum.  Geol.  Soc,  vol.  xxxiii.  p.  303. 

X  Geol.  parts  of  Oxfordshire  and  Berkshire,  p.  6 ;    see  also  Ezplan.  Hor.  |Sec«i 
sheet  72,  p.  7. 


goralliak:  pabingdon. 
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Soil 


Tipper 
Oorallian. 


Lower 

Galcareous 

Grit. 


L 

I 


12.  Beddish-brown  earth  abont 

11.  Marly  bed    -  -  -  - 

10.  Flaggy  and  Bomewhat  gritty  oolitic 

stone  -  -  •  - 

9.  Oolitic  sandy  debris,  with  dark 
clayey  streaks,  and  occasional 
lydite  pebbles :  EchincbrigBus 

8.  Laminated  clay  and  sand  with 
irregnlar  calcareous  (racy)  seams, 
forming  white  bands  in  places     - 

7.  Oolitic  limestone :  few  fossils 

6.  jVIarhr  oolitic  layer :  Myacites 

5.  Hard  pale  grev  and  very  shelly 
limestone,  2Vi^o)iia-bed :  Am' 
ononites  cordattta,  TrichiieSt  and 
casts  of  shells  at  base 

4f.  Brown  earthy  rock  with  casts  of 
shells,  Myacites,  &o. :  passing 
down  into  blue  rubbly  pisolitic 
rock,  and  this  merges  into  bed 
below         -  -  -  - 

3.  Grey  shelly  limestone,  oolitic  and 

Eifiolitic,  with  rolled  fragments  of 
ard  limestone,  bored  by  Litho* 
domi  and  encrusted  with  SerpulaB ; 
small  pebbles  of  lydite  and  quartz 
2.  Hard  grey  calcareous  grit,  imper- 
sistent        .... 
1.  Buff  sands. 


Ft.  Ih. 
3      0 

0  6 

1  0 


0 


7      0 
1      6 

0      6 


2      0 


1      6 
3      0 


Among  the  fossils  from  the  beds  3  to  7,  but  chiefly  from 
bed  5,  are  Ammonites plicatilis,  A,  cordatus,  Belemnites  abbreviatus^ 
Trigonia  perlata,  T,  Meriani,  Trichites^  Gervillia  aviculoides, 
Ostrea  gregaria,  Perna  mytiloideSy  Hinnites  Uunidus,  Pecten 
fibrosJis,  P.  lens,  Lima  pcctinijbrmis,  Echinobrissus  saitatuSy  &c. 
Many  of  these  and  other  species  are  recorded  by  Messrs.  Blake  and 
Hudleston.*  They  consider  that  the  upper  sandy  and  clayey  beds 
rest  unconformably  on  the  limestones  below.  I  could  see  no 
evidence  of  this  in  the  section  at  the  time  of  my  visit ;  the  only 
indication  of  a  local  break  being  at  the  base  of  bed  3. 

Prof  Hullt  grouped  the -top  strata  of "  variegated  sand  and 
clay,"  fi\re  feet  thick,  as  "  Upper  Calcareous  Grit."  There  is  no 
doubt  that  beds  8  to  1 1  may  be  grouped  with  the  upper  beds  at 
Highworth,  where,  as  pointed  out  by  Messrs.  Blake  and  Hudleston, 
they  underlie  a  layer  of  Coral  Rag. 

Coming  now  to  the  celebrated  district  of  Marcham  we  find  two 
quarries  belween  that  village  and  Shippon,  south  of  the  high  road 
between  Fyfield  and  Abingdon.  The  principal  quarry  is  to  the 
south  of  Oakley  House.  This  shows  the  sequence  from  the  Coral 
Eag  down  to  the  Lower  Calcareous  Grit ;  while  the  other  quarry, 
parted  by  two  fields  to  the  north-west,  shows  only  the  lower  beds 
and  basement  portion  of  the  upper  division. 


*  Qaart.  Joum.  Geol  Soc,  vol.  xxxiii.  p.  304. 
t  Geol.  parts,  of  Oxfordshire  and  Berkshire,  p.  7. 
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The  general 
61):— 


section   at    Marcham    is  as  follows    (see   Fig. 


Upper 
Corallian. 


Lower 

CoralUan 

(Lower 

Calcareous 

Grit). 


7.  Bed  and  brown  earthy  boU. 

6.  Impure  and  slightly  oolitic  lime- 
stone, paspin^  down  into  mbbly 
coral-rock  and  clay  -  -  - 

5.  Oolitic  and  sandy  marl,  passing 
down  into  earthy  oolitic  limestone 
and  rubbly  oolite,  with  Trigonio' 
bed  4,  at  base.  This  fossil-bed  tapers 
away  towiuxls  the  western  part  of 
the  Oakley  House  quarry  - 

3.  Reddish  brown  and  white  shelly 
sands,  with  indurated  fissile  beds 
and  laminated  clay;  with  pebbly 
layer  at  base,  when  resting  directly 
on  Lower  Calcareous  Grit    2    6  to 

2.  Oolitic  and  somewhat  flaggy  and 
gritty  limestone,  1  foot,  tapering 
away  eastwards  in  the  Oakley 
House  quarry,  and  replaced  by 
rubbljr  oolite,  and  by  a  conglo- 
meratic band  with  pebbles  of  lyoian 
stone,  oolite  and  bored  limestone. 
In  tiie  quarry  to  the  north-west 
this  fossil-bed  is  again  seen,  where 
it  is  2  feet  thick,  and  conglomeratic. 
It  contains  BerjpvXa,  Tngonia  and 
many  LamelUbranchs ;  also  Natica 
t         marchamentie, 

1.  Hard  calcareous  sandstone  (1  ft.),") 
Nattea-hed  (of  Blake  and  Hndle- 
ston),  with  N.  ma^ehamefms :  in 
some  places  united  to  the  fossil- 
bed  above,  in  other  places  separated 
by  a  thin  bed  of  shelly  sana  (6  in.) 
with  Eteogyra  nana,  Oervtllia, 
Pectmi  fibroMUB  and  Ostrea  Bolitaria  - 

False-bedded  bnff  and  ochreous  sands 


Ft.  Ik. 


I 


with  ironstone-concretions,  streaks  I  g 
of  clay,  pebbles  of  quartz  and  ^ 
Indian  stone:  Ostrea  aregaria, 
lignite,  &o.  Here  and  there  the 
mass  of  the  strata  up  to  the  base 
of  the  upper  division  consists  of 
layers  of  fissile  calcareous  sand- 
stone occasionally  ripple-marked; 
in  other  places  there  are  only  im- 
persistent  and  irregular  layers  and 
doggers  of  sandstone 

In  the  Upper  Corallian  Beds  the  higher  TriffoniaAyed  yields 
Ammonites  plicatilis^  Belemnites  abbreviatus,  Lima  pectiniformis 
Trigonitty  Ostrea  gregaria,  Echinobrissus  scutatus,  Pyga^ter 
umbrella.  Lignite,  &c.  The  lower  fossil-bed  is  also  a  Trigonia'htd. 
The  presence  of  sandy  beds  among  the  fossiliferous  Upper 
Corallian  rocks,  and  the  occurrence  of  the  two  fossil-beds  and 
their  impersistent  character  form  interesting  features. 

The  sands  of  the  Lower  Calcareous  Grit  at  this  locality  have 
been  famous,  for  fine  examples  also  occur  of  Ammonites  perar- 
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matut,  the  casts  of  which  were 
formerly  described  under  the 
name  of  A.  catena.  Casts  of  A. 
cordatus  are  also  met  with.  Here 
too  Hemipedina  marchamennt 
occurs. 

The  sections  at  Marcham,  in- 
cluding M  quarry  at  Noah's  Ark 
further  souUi,  have  been  described 
by  Messrs.  Blake  nad  HudlestOD, 
who  record  many  fossile.*  They 
drew  attention  to  the  evidences 
of  local  erosion,  but  the  lower 
fosail-bed  was  evidently  not 
exposed  ut  the  time  of  tbdr 
visit. 

The  irregular  cementation  of 
the  sands  of  the  Lower  Caloareous 
Grit  into  doggers  and  into  bands 
of  sandstone  was  well  shown  in 
the  quarries  near  Marcham. 

PaasiDg  on  to  Abingdon  our 
information  respecting  the  Coral- 
lian  Beds  is  derived  chiefly  from 
well-sections. 

At  Abingdon  water  wan  ob- 
tfdned  from  Corallian  rocke,  at  a 
depth  of  about  60  feet,  through 
Kimeridge  Clay  ;  but  we  have 
no  record  of  the  precise  thict- 
nesB  of  the  strata.  The  water 
1^  was  slightly  chalybeate,  and  im- 
a.         pregnated  with  sulphuretted  hy- 

, *--_,  drogen-t     At  the  water-works  by 

' ^  the  cross-road  S.S.E.  of  Wootton 
^M  the  beds  passed  through  were  as 
Is   follows:— t 

■3  .    ^^  Ft.  Lf. 

^  J     -^1  Coral  Rag.    Baeitone           -  31      6 

^  =      a  S  Lower      (■  Solid  blue  stone     2      6 

_  g  ^     a  S  Caloareous  J  Clean  sand        -    6      0 

1^1   ■  «■"  ^"''       L  Solid  bine  stone     2      6 

^E  eI  ^=  OxfordClay.  Soft  Boapy  clay    84      6 

"3,2  I'i-c        •  Quart.  JouTD.  Geol.  Soc,  toI.  zxxiiL 
S-=S'PS'^    pp.   305,  &e. ;    ne    also  H.  B.  W..  Proc. 
a3JSE-„;S    G«ol.  Amoc,  Tol.  lii.  p.  831. 
r:  <e  n  V  n  ei        t  Bev.  J.    C.    ClultraboeJc,   Jouro.   R. 

Agric.  Soc,  a»r.  a,  vol.  i.  p.  2N1, 
%  DatailicommuniciitedloMr. De Bance 

by  Mr.  A.  T.  Awhiion,  1877. 
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Hence  we  may  conclude  that  the  fiill  thickness  of  the  Gorallian 
rocks  at  this  locality  is  not  more  than  50  feet  Further  north  and 
locally  to  the  south,  the  beds  appear  to  be  much  thicker. 

A  well  was  made  for  the  Wantage  Brewery  Company  at  Wantage  in 
1889-90,  by  Messrs.  C.  Isler  and  Company.  Samples  of  the  strata  were 
Bent  to  the  Museum  at  Jermyn  Street  ana  examined  by  Mr.  Strahan  and 
myself.  He  recognized  the  basement-bed  of  the  (3ault  from  specimens 
obtained  from  a  depth  of  279  feet. 

The  boring  was  commenced  at  a  depth  of  46  feet  below  an  old  dag  well. 
The  quality  of  the  water  from  the  higher  strata  down  to  413  feet  was  not 
good,  and  this  was  shut  out  by  3-inch  tubes.  The  water  from  the  lower 
strata  proved  satisfactory  after  pumping,  and  then  stood  at  83  feet  from 
the  suHbce.    There  was  an  abundant  supply. 

The  details  of  the  Ijoring  are  as  follows : — • 


Boring  at  Wantage. 


Thickness. 


Depth. 


Upper 
Qreensand. 


Eameridge 

ClayP 
94  feet. 


/Chalky   and   sandy   beds    [Dug 
\     well]       -  -  .  . 

Grey     slightly     micaceous     and 

.  calcareous    habd     clay,     with 

band  of  sandstone  at  depth  of 

Gault  -        -<{      68  feet    -  .  -  - 

Clay    with    sand  seams  :   coarse 
quartz  grains  and    pebbles  of 
hard  siliceous  rock 
^Habd    green    sand:    grey    clay 
with  decayed  shells  at  2»0 

Haho  dabk  clay  ?  with  decayed 
shells  at  320,  and  fibrous  car- 
bonate of  lime  (*•  beef")  at  354  - 

Hakd  clay  with  shells  :  greenish- 
grey  clay  with  decayed  shells 
at  360      - 

Habd  clay  -  -  .  - 

vHaed  stony  clay  .  -  - 

Bock  :  white  marly  rook  at  373   - 

Clay  :  stiff  grey  marly  clay  at 
377,  and  white  marly  rock  at 
378  -  -  .  . 

Rock  :  dark  shelly  clay  with 
Pecten  or  Lirna  at  397    - 

Light  gbey  sand:  crumbly  cal- 
careous rock  at  404 

BocK:  white  calcareous  rock  at 
405  -  -  .  - 

'i  Dabk  gbeen  loamy  sand  :  calcare- 
ous gritty  rock  at  409    - 

Habd  blue  clay  :  grey  shelly  clay 
at  416     - 

BocK;  white  chalky  rock  at  416, 
and  bits  of  Oetrea^  some  pyritic, 
at  434      -  -  -  - 

Light  gbey  sand,  greenish  cal- 
careouH  sandy  bed  at  435 

Dabk  obey  loamy  sand  :  greenish 
calcareous  sandy  bed  at  450 


Oorallian 

BedsP 

77  feet. 


Ft.  In. 
46      0 


229      0 


4      0 
8      0 


71      0 


20  0 

7  0 

1  6 

3  3 


3      0 


18      6 
3  '  6 


12      0 


Ft.  In. 


275     a 


279      0 
287      0 


358      0 


5 

0 

363 

0 

9 

0 

372 

0 

1 

0 

373 

0 

3 

0 

376 

0 

396  0 

403  0 

404  6 
407  ^ 
413  a 
416  0 


434  6 
438  0 
450      0 


♦  The  iDformation  given  by  Me8«w.  Isler  is  put  in  capitals,  to  distinguish  it  from, 
(he  notes  which  I  made  from  the  tpecimeni . 


goballian:  wantage  bobing. 


127 


This  record  unfortunately  gives  no  precise  information  with 
regard  to  the  Jurassic  strata.  The  beds,  classed  with  some 
doubt  as  Kimeridge  Clay,  might  on  lithological  grounds  be  grouped 
as  Purbeck,  and  the  lower  strata  as  Portland  Beds.  This  view, 
however,  I  feel  compelled  to  abandon  on  account  of  the  water- 
bearing character  of  the  strata ;  for  the  Portland  Beds  do  not 
come  to  the  surface  over  any  region  near  by  that  could  furnish  a 

fathering  ground  for  a  supply  of  water.  The  strata  may  therefore 
e  classed  as  most  probably  Corallian  Beds  and  Kimeridge  Clay. 
The  "  hard  green  sand "  might  perhaps  form  a  portion  of  the 
passage-beds  from  Kimeridge  Clay  to  Portland  Beds,  but  that 
rock  was  not  noticed  in  a  record  sent  to  me  by  Messrs.  Isler  in 
1894,  although  given  in  a  preliminary  statement  in  1889. 

Further  east  at  Shilliiigford,  to  the  north  of  Wallingford  in  Berkshire, 
a  boring  was  made  in  1885  by  Messrs.  Isler  and  Compan}-.  The  section 
has  been  described  by  Mr.  Jukes-Browne,  who  records  the  strata  as 
follows : — * 


BORINO  AT  ShILLINGFORD. 


Thickness.     Depth. 


Kimeridge 

Clay. 
Ill  ft.  6  in. 


Soil,  Ac.     -  -  -  - 

Sand  and  gravel    - 
Gkkult      -  -  -  ... 

Lower  Greonsand  -  .  .  - 

f  Stiff     grey     clay     and     stones 
I      (Pseptaria)  -  -  - 

•^  Black  clay,  with  shells  and  stones, 
and  phosphatic  nodules  at  296 
feet  -  -  -  , 

'Rock  -  .  -  - 

Stony    clay    and   shells     (yellow 
gritty  loam)        -  -  - 

•^  "Rock,  with  some  layers  of  clay     - 
Stony  clay,  with  layers  of  rock     - 
Rock,        with       shell-fragments 
(Oetrca)  .  -  -  - 

Sand  and  stone      -  -  - 

Alternations  of   hard  grey  rook 
and  clay  -  -  -  - 

Dark  gritty  clay  and  shells 
Hard  grey  limestone 
Sand  and  stone,  with  water 
Oxford  Clay  -    Blue  clay ,  soft  and  si ightly  mottled 


Upper 
Corallian. 
44  ft.  6  in. 


Lower 
Corallian. 
35  ft.  3  in. 


Ft.  Ik. 

19  0 
163  0 
188      0 

208      0 


29&  6 

312  3 

317  11 

327  10 

336  8 

344  3 

361  7 

361  11 

•^2  0 

374  6 

379  6 

384  0 


The  water  obtained  at  the  base  of  the  Corallian  rose  to  within  60  feet 
of  the  surface,  and  although  palatable  it  did  not  yield  a  sufficient  supply. 
Curiously  enough  that  obtained  from  the  Lower  Greensand  above  was 
saline,  containing  98  grains  per  gallon,  54  of  which  were  chloride  of 
sodium. 

Comparing  the  Corallian  Beds  of  Westbury  and  Cs^ne  with 
those  of  Highworth  in  Wiltshire  and  Faringrdon  in  Berkshire,  we 
may  roughly  correlate  them  as  follows  (see  Fig.  56,  p.  107)  : — 


*  Midland  Naturalist,  yoI.  xiv.  p.  201. 
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Upper 
.Ulan. 


Cora! 


Lower 
Corallian. 


Wesibwry  and  Calne, 

Ironstone. 
Sands  and  clays. 

IRubbly     oolite,    Coral- 
beds,  and  pisolite. 
Calne  freestone,  <&c. 
Lower  Calcareous  Grit. 


} 


Highworth  cmd 
Faringdon, 

Rubbly  Coral-rag. 
Sands  and  clays. 
Coral  limestone,  oolitic, 

pisolitic    and    shelly 

oeds. 

Lower  Calcareous  Grit. 


The  absence  of  any  bed  that  corresponds  with  the  Corallian 
Oolite  of  Calne  may  be  due  to  the  local  erosion  of  which  we  have 
evidence  at  the  base  of  the  Upper  Corallian  rocks^  near  Marcham. 
Further  on  towards  Oxford  we  have  but  two  divisions  in  the 
Corallian  formation,  the  rubbly  coral-limestones  and  the  calcareous 
grit  beneath.  In  some  places  these  two  divisions  are  so  intimately 
connected,  we  can  fix  no  definite  plane  of  separation ;  in  other 
places  they  are  clearly  marked  off  one  from  the  other. 


Cumner  and  Oxford  to  Headington  and  WheatUy, 

To  the  south-east  of  Cumner^  and  near  Bradley  Farm,  there  are 
several  quarries  in  the  Corallian  rocks.  One  of  these,  near  the 
south-east  end  of  Cumner  village,  showed  bedded  Coral-rock, 
rubbly  and  irregular  in  appearance^  and  with  little  or  no  clay^ 
yielding  Thecosmilia  annularis,  Lima  rigida,  &c.  Quarries  by  the 
cross-roads  and  west  of  Bradley  Farm  showed  the  sequence  as 
follows : — • 


Upper 
orallian. 


Cora 


Lower 
Corallian. 


f  Coral-rock  with  interbedded  tofaceous 
stone,  like  that  at  Wheatley  -4  0  to 
Hard  beds  of  Coral-rock,  as  at  Furton, 
with  LHhodovMU  induaua  and  spines 
of  Cidart$  florigemma  ;  passing  down 
into  sandy  shelly  and  tufaceous  rook 
of  variable  character  (as  at  Wheatley) 
with  Peeten,  Ostrea,  Mvogwra,  &o. 

r  Brown  and  grey  sandis,  Bhelly  in  places 
J  Calcareous   sandstone,   two   or    three 

I      thick  beds       -  -  -  - 

iBuff  sand  and  laminated  clay  - 


Ft.  Ik. 
5      0 


8 

0 

5 

0 

3 

6 

4 

0 

The  beds  on  the  whole  point  to  very  irregular  accumulation. 
From  the  Lower  Calcareous  Grit  at  Bradley  Farm,  Messrs.  Blake 
and  Hudleston  record  Ammonites  perarmatusy  A.  vertebralis,  and  & 
number  of  Gasteropoda,  including  Cylindrites  Luidi,  This  is  one 
of  the  most  fossiliferous  beds  in  the  Corallian  series.  With  regard 
to  the  Coral-ragr,  they  observe  that  "  The  reef-corals  here  are  in  a 
more  perfect  state  of  preservation  than  in  any  locality  we  know 
of."     I  obtained  a  fine  specimen  of  Isastrcea  explanata. 


*  Hudleston,  Proc.  Ge^K  Assoc.,  vol.  vi.  p.  343 ;   Blake  and  Hadleston,  Quart 
Jonm.  Geol.  See.,  vol.  xr.xiii.  p.  807. 
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West  of  North  Hinkeey  there  was  a  quarry  in  which  I  noted 
the  following  section  : — 


Upper 
Corallian. 


Lower 
Corallian. 


Ft. 
8 


Bubbly  Coral-rock  with   mnch  clay: 

spines  of  CicUiriit  LUhodovmu,  &c.     - 

Hard  bed  of  sandy  oolitic  limestone 

with  small  pebbles :  merging  upwards 

into     Coral-rock;   Ostrea    solHariaf 

Peeten  articulcUuSt  &c.  -    1      0  to  2 

r  Buff  sands,  with  beds  of  hard  calcare- 

l     ous  sandstone  -  -  -  -    10 


In. 
0 


0 
0 


The  hard  bed  below  the  Coral-rock  presents  an  aspect  similar  to  beds 
of  Wheatley  stone. 

On  Wytham  Hill  the  Lower  Calcareous  Grit  is  surmounted  by 
the  Coral  Rag.*     (See  Fig.  22,  p.  44.) 

Phillips  states  that  near  Oxford  the  Lower  Calcareous  Grit  is 
about  60  or  70  feet  thick^  and  that  "  the  sand  is  sometimes  so 
loose  as  to  be  ^  quick/  and  choke  the  wells,  which  in  many  places 
are  sunk  to  it  through  the  superincumbent  rock  and  clay.^f  The 
beds  were  exposed  in  the  railway-cutting  at  Kennington,  where 
they  contained  large  masses  of  calcareous  sandstone,  as  at 
Littlemoor. 

West  of  Littlemoor  Station^  a  cutting  on  the  Oxford  and  Thame 
railway  showed  the  following  section : — 

Ft. 


Upper 
Corallian. 


Lower 

Corallian 

(Lower 

Calcareous 

Grit). 


f  Dark  clay  with  paler  marlv  beds  -  T 

Clays  and  soft  white  marly  beds,  with  f  [15 

but  few  corals  =  **  Coral  beds  "        -  J 
Shelly  sand,  with  Natica  eorcUlina. 
Hard  calcareous  sandy  bed         -    0    10  to  1 
Sand  -  -  -  -  -       2 

Shelly  calcareous  grit  (employed  for 

building  railway  bridges)  -  2  0  [to  2 
'Buff  sands  with  spherical  and  elongated 
concretionary  masses  of  hard 
calcareous  sandstone  (blue  hearted) 
4x5x2  feet  and  less  in  size,  like 
the  '*  doggers  "  in  the  Benoliff  Grits : 
occasional  streaks  of  clay 


Lf. 


7] 


6 

6 

6] 


15      0 


Here,  as  at  Bullingdon^  we  have  a  difficulty  In  making  any 
separation  between  Upper  and  Lower  Corallian  Beds ;  there  seems 
to  be  no  evidence  of  any  local  breaks  and  the  sandy  strata  below  the 
Coral-beds  are  doubtfully  referred  to  the  Upper  Corallian,  though 
they  appear  to  represent  the  fossiliferous  beds  of  Fy field  and 
Marcham. 

The  beds  undulate  very  much  in  the  railway-cutting  west  of 
the  station,  but  the  general  inclination  is  westwards.  The  clayey 
Coral-beds  make  heavy  land  on  the  slopes  to  the  west,  and  they 
much  resemble  those  seen  in  the  railway-cutting  north  of  Swindon. 
(Fig.  59,  p.  118.) 


•  Hall,  Geol.  Woodstock,  p.  26. 
t  G«ol.  03[ford,  &c.,  p.  298. 
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The  above  section  was  described  by  Mr.  E.  S.  Cobbold,  from 
whose  paper  I  have  inserted  the  thickness  of  the  upper  clayey  and 
marly  beds.*  He  states  that,  in  laying  the  sewage-pumping  main 
along  the  road  up  Sandford  Hill,  there  was  a  thickness  of  about 
12ft.  6  ins.  of  very  hard  fine-grained  limestone  above  the  marls  ; 
it  occurred  in  three  or  four  layers  with  hardly  any  fossils.  Above 
this,  again,  there  was  a  stratum  of  very  sandy  limestone,  2  ft  6  ins. 
thick,  suggesting  a  trace  of  the  Upper  Calcareous  Grit. 

Mr.  Cobbold  also  gives  the  record  of  a  trial-hole  at   Sandford- 
on-Thames,  which  appears  to  me  to  have  passed  through  5  ft.  of 
soil  and  Kimeridge  Clay  and  about  10  feet  of  Upper  Corallian 
Beds. 

To  the  east  and  south-east  of  Oxford  the  Corallian  Beds  are 
divisible  into  two  portions :  an  upper  one  of  limestones  largely 
made  up  of  corals  and  comminuted  shells  and  corals,  and  a  lower 
one  of  sands  with  indurated  bands  and  concretionary  masses  of 
calcareous  sandstone  (Lower  Calcareous  Grit). 

The  upper  division,  which  in  many  places  is  a  Coral-rag,  is  very 
variable  in  nature,  in  some  places  it  consists  of  impersistent  layers 
of  hard  grey  shelly  limestone  (which  has  been  employed  for 
building-purposes)  alternating  with  shell  and  coral-sand ;  in  other 
places  it  comprises  irregular  bands  of  coral-limestone  and  clay. 
The  quarries  show  from  10  to  25  feet ;  but  the  beds  thicken 
towards  Wheatley,  and  the  total  thickness  is  given  by  Phillips  as 
40  or  50  feet. 

Gonybeare  thought  tLat  the  upper  surface  of  the  freestone-beds,  beneath 
the  Kimeridge  Clay,  V)ore  evidence  of  water-aotion.t  Sedgwick  observed, 
**  May  not,  therefore,  the  coral  rag  and  superincumbent  freestone  of 
Headington  Hill  together  represent  the  central  group  of  the  Weymouth 
and  Steeple  Ashton  sections?  The  conjecture  seems  to  be  confirmed 
by  the  appearance  of  the  beds  in  Headington  quarries.  In  that  place 
the  top  freestone  supports  the  Kimmeridge  clay ;  and  the  separation 
between  the  two  is  as  well  defined  as  a  geometric  line.  Now  the 
instantaneous  passage  from  one  formation  to  another  frequently 
indicates  the  absence  of  certain  beds  or  deposits.  May  not  then  the 
upper  part  of  the  Weymouth  section  be  wanting  near  Oxford."J  Buck- 
land  and  De  la  Beche,  and  lator  on  John  Phillips  and  others,  have  also 
remarked  that  thtj  Kimeridge  Clay  rests  on  a  "waterwom  surface  of  the 
Corallian  Beds.  I  have  not  observed  any  distinct  evidence  of  this,  but  the 
change  in  conditions  is  abrupt,  and  as  remarked  by  Mr.  Hudleston, 
*'  there  appears  to  be  a  very  marked  break."§ 

There  are  numerous  quarries  at  Headington^  but  the  junction 
with  the  Kimeridge  Clav  was  best  shown  in  the  pit  to  the  left  of 
the  road  leadini'  from  Oxford  to  Shotover  Hill.  The  section  was 
as  follows : — 


*  See  Quart.  Jonni.  Geol.  Soc,  vol.  xxxvi.  pp.  315-317,  319  ;  see  also  Blake  and 
Hudlestou,  Ibid.,  vol.  xxxiii.  p.  310. 

t  Geol.  Eng.  and  Wales,  1822,  p.  189. 

X  Ann.  Phil.,  vol.  xxvii.  (scr.  2,  vol.  xi.)  p.  350.  See  also  Backland  and  De  la 
Beche,  Trans.  Geol.  Soc.,  ser.  2,  voL  iv.  p.  26 ;  Phillips,  Geol.  Oxford,  &c.,  p.  299. 

§  Keport  of  Sub-Committee  on  Classification,  Intemat.  Geol.  Congress.  1888. 
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Kimeridge 
Clay. 


Upper 
orallian. 


rSaurian  bones, 

Dark      bluish-groy  I      AmmoniteSyOstrca 
clay  -  -<      deltoidea,       large 


Ft.   In. 


Gray  racy  clay 


crystals 
selenite. 


of 


0 


Cora 


L 


Marly  layer         -  .  - 

False-bedded  sandy  rock  (decomposed) 
and  passing  down  into  bed  beneath 

Hard  grey  shelly  limestone 

Coral-rock,  with  bands  of  hard  grey 
shelly  limestone  (building-stone) ;  few 
fossils      ----- 


0 


12      0 


Here  the  total  thickness  of  the  Upper  Corallian  Beds,  down  to 
the  Lower  Calcareous  Grit,  is  about  30  feet.  In  other  quarries 
the  beds  are  more  fully  exposed,  and  their  variable  character  is 
manifest.  We  find  Coral-rock,  shelly  sand,  and  lenticular  layers 
of  hard  grey  oolitic  and  shelly  limestone ;  the  whole  irregular  and 
false-bedded.  In  places  the  bottom-bed,  as  at  Littlemoor,  is  a 
very  shelly  calcareous  gritty  rock  (2  ft.  to  2  ft.  6  ins.  thick) ;  and 
this  rests  on  brown  sands  with  concretionary  beds  of  calcareous 
sandstone  (Lower  Calcareous  Grit).  In  other  places  Messrs. 
Blake  and  Hudleston  have  noticed  on  top  of  the  Grit  a  J)ebbly 
bed  (about  8  inches  thick),  with  rolled  oolite,  and  nodules  with 
Ammonites  cordatusy  and  containing  also  Ostrea  solitaria,  Avictfla 
^xpanstty  Lima  Iceviuscula,  and  Natica  chjtia,* 

A  quarry  east  of  the  road  at  BuUingdon  (or  Bullington)  showed 
the  following  section  : — 

Ft.  Ix. 
Knbbly  coral-beds,  with    much    clay, 
and  with  shelly  sand  at  base ;  Pleuro- 
tomaria  reticulata,  Exogyra  nana,  Ac. 
Tnfaceous  sandy  rock    -'  -  - 

Shelly  sand,  with  Ammonltee  2^^^<^'*^ 
matue,  CTiemnitzia,  Ostred,  Pccten, 
Serpula^  &c.    .  -  -  . 

Shelly  calcareous  grit     -  -  - 

Sandy  bed  -  -  -  „ 

Shelly  calcareous  grit,  slightly  oolitic  - 
^Sand       •  -  . - 

^  Here  I  have  hesitated  to  mark  a  division  between  Upper  and 
Lower  Corallian,  though  comparing  the  section  with  that  of 
Littlemoor,  it  miglit  be  taken  just  above  the  basement  sand.  The 
presence  of  Ammonites  perarmatus  is  interesting. 

The  Coral-beds  yield  many  of  the  Echini  {Pygaster  umbrella), 
which  are  known  to  the  quarrymen  as  "  Mushrooms."  Mr.  James 
Parker  has  obtained  some  Fish-remains,  Asteracanthus  and  Lepi' 
dotus,  from  this  locality. 

The  commoner  fossils  of  the  Upper  Corallian  Beds  of  Bul- 
lingdon  and  Headington  are  noted  in  the  accompanying  list. 
It  is  curious  that  the  Chemnitzia  heddingtonensis  is  stated  by 
Sowerby  to  have  been  received  **  from  Heddington,  near  Calne, 


Upper  and         . 
Lower  Corallian."^ 
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*  Quart.  JouTD.  Geol.  See.,  vol.  xzxiii.  pp.  308,  309. 
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in    Wiltshire ;    though   he    also    mentions   that    he   had   found 
specimens  about  Shotover  Hill  (  =  Headington)  in  Oxfordshire.* 


List  of  Fossils  from  the  Upper  Corallian  Beds  of 

Headington  and  Bullingdon. 


X 
X 
X 
X 

X 
X 
X 
X 


Ammouitcs  plicatilis. 
Belemnites  abbreviatns. 
Bourgaetia  (Phasianella)  striata. 
Chemnitzia       (Psoudomelania) 

hedding^nonBis. 
Natica  clytia. 
Pleurotomaria  reticulata. 
Astarte  ovata. 
Avicola  expausa. 
Corbioella  lajvis. 
GTervillia  aviculoides. 
Exo^ra  nana. 
Gouiomya  v.-scripta. 
Isocardia. 
Lima  elliptica. 

Iflsyioscala. 

—  rigida. 
Lithodomus  inclosus. 
Myaoites. 


Myoconcba  Sadmanni. 
X  Ostrea  solitaria. 
X  Pecten  articalatus. 
X  fibrosus. 

— —  lens. 

Pema  mytiloides. 
X  Pholadomya  ssqualiB. 
X  Trigonia. 
X   Serpula  tricariuata. 
X  Oidaris  florigemma. 
X  EchinobrissiLB  scutatas . 
X  Hemicidaris  intermedia 
X  Pygaster  nmbrella. 

Py  gurus. 
X  Isastraea  explanata. 
X  Thamnastrsea  arachnoides. 
X  Theoosmilia  annularis. 

Lignite. 


X  Species  so  marked  were  obtained  by  myself;  many  of  tbese  and  others 
hare  been  recorded  by  Phillips,  Geol.  Oxford,  Ac.  p.  300 ;  by  Blake  and 
Hudleston,  Quart.  Journ.  G«ol.  Soc.,  vol.  xxxiii.  p.  309 ;  Hudleston,  Proc. 
Geol.  Assoc.,  vol.  vi.  p.  342;  and  E.  S.  Oobbold,  Quart.  Journ.  Gheol.  Soc, 
▼ol.  xxxvi.  p.  314r. 

North-east  of  Headington,  at  Holton  and  near  Stanton  St. 
John,  rag-beds  have  been  quarried,  and  there  Messrs.  Blake  and 
Hudleston  notice  the  abundance  of  Echinodertns,  Cidaris  Jloru 
gemmay  Echinobrissus  scutatus,  and  Pseudodiadema  versipora; 
while  Corals  seem  to  be  absent  or  very  8carce.t 

The  section  given  by  Prof  A.  H  Green  is  as  follows  : — 


Upper  Gorallian  «< 


Bubbly  limestone,  full  of  broken  fossils 
Yellow  and  brown  sandy  clay,  with 
irregular  beds  of  concretionary  lime- 
stone, full  of  broken  shells,  Ostrea 
aandalina  (=  Exogyra  nana),  &c. 
Hard,  dark-blue  limestone 


Ft. 
3 


Iir. 
0 


10 
6 


0 
0 


The  sands  of  the  Lower  Calcareous  Grit  have  been  largely 
worked  between  Elsfield  and  Beckley.J 

Large  quarries  to  the  north-west  of  the  village  of  Wheatley 
have  been  opened  in  comminuted-shell  sand,  cemented  into  rock- 
beds  in  places,  and  passing  into  hard  shellj  limestone,  not  unlike 
some  varieties  of  Cornbrash.  Occasional  clayey,  sandy,  and  oolitic 
beds  occur,  and  the  thickness  may  be  from  30  to  50  feet.  The 
strata  are  much  false-bedded  and  they  yield  but  few  fossils.  I 
obtained  spines   of   Cidaris  florigemma^  Chemnitzia^  and  Exogyra 

*■  Mineral  Conchology,  vol.  i.  p.  86. 

t  Quart.  Jooni.  Geol.  Soc.,  vol.  xxxiii.  p.  8 10. 

X  Green,  Geol.  Banbury,  &c.,  pp.  43,  44. 
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nana;  and  Messrs.  Blake  and  Hudleston  note  also  Ammonites 
plicatilis  and  Belemnites  abbreviatus.  They  remark,  '*  We  are 
here,  then,  presented  with  the  deposits  whicii  were  formed  on  the 
extreme  edge,  not  only  of  the  coral  reef,  whose  thickness  would 
not  account  for  so  much  false  dip  (which  amounts  in  the  most 
easterly  quarry  to  12°,  and  is  even  marked  at  18°  at  another  spot 
on  the  [Geological  Survey]  map),  but  probably  of  the  Lower 
Calcareous  Gnt  sandbank  also — a  conclusion  which  is  supported 
by  the  fact  of  its  apparent  sudden  termination  eastwards."  They 
add  that  "  the  Corallian  formation  has  died  out,  not  gradually, 
but  suddenly,  and  the  normal  pelolithic  formation  reigns 
supreme.*'* 

This  termination  has  been  attributed  to  the  unconformable 
overlap  of  the  Kimeridge  Clay,t  but  the  evidence  favours  the 
view  that  the  rock-beds  may  be  largely  represented  in  point  of 
time  by  sediments  of  an  argillaceous  character.  We  find  the  same 
kind  of  abrupt  ending  in  connexion  with  the  Up  ware  Limestone, 
and  although  some  amount  of  local  and  contemporaneous  erosion 
may  have  taken  place,  there  was  no  great  interval  attended  by 
upheaval  and  subaerial  denudation,  in  Yorkshire,  near  Bii'dsall, 
as  pointed  out  by  Mr.  Fox-Strangways,  the  Kimeridge  Clay  rests 
witn  marked  unconformity  on  the  Upper  Corallian  rocks,  and 
further  south  it  reposes  directly  on  the  Lower  Calcareous  Grit.  J 

*  Quart.  Joom.  Qeol.  Soc,  vol.  xxxiii.  p.  311. 

t  Sedgwick,  Ann.  Phil.,  1820,  p.  350;  Fitton,  Trans.  Geol.  Soc.,  ser.  2,  vol.  iv. 
p.  274  ;  Hull,  Geol.  parts  of  Oxfordshire  and  Berkshire,  p.  6. 

X  Jurassic  Rocks  of  Yorkshire,  vol.  i.  pp.  869,  405 ;  and  Geol.  countrj  N.S.  of 
York,  d^c,  p.  23. 
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CHAPTER  VII. 

CORALLIAN. 

Local  Detaii^ — continued, 

Ampthill  Clay. 

IVheatley  to  Quainton, 

North-east  of  Wheatley  the  calcareous  rocks  of  Corallian  age 
abruptly  terminate;  nor,  excepting  at  Studley  and  Arngrove, 
near  Boarstall,  have  any  representatives  of  the  Lower  Calcareous 
Grit  been  observed  in  this  neighbourhood  beyond  Wheatley  and 
Stanton  St.  John. 

It  is  true  that  *'  Lower  Calcareous  Grit "  was  so  marked  on 
the  Geological  Survey  Map  from  Holton  by  Worminghall  to 
Oakley,  and  from  Dorton  by  Westcot  to  near  Quainton.  This 
area  is,  however,  a  tract  of  clay-land,  and  it  was  the  opinion  of 
Mr.  T.  E.  Polwhele  that  along  the  belt  so  marked  there  were 
argillaceous  equivalents  of  the  Lower  Corallian  Beds?  Tvhile 
Prof.  Green  suggested  that  these  clayey  beds  might  be  the  equi- 
valent of  the  Tetwbrth  (Ampthill)  Clay  described  by  Prof.  Seeley."*^ 

At  Studley  "a  sort  of  argillaceous  chert "  was  desfcribed  by 
Prof.  Phillips,  containing  Ammonites,  Pinna  laneeolatay' See* 
According  to  Prof.  Green  **  This  bed  runs  with  a  good  escarp- 
ment by  Arngrove  Farm  to  the  north  of  Gravel  Pit  Farm, 
beyond  which  point  we  lose  sight  of  it  altogether.  It  dips  gently 
to  the  east,  but  whether  it  runs  under  the  clay  beds  to  the  east 
of  it,  or  passes  into  a  clay,  it  is  not  easy  to  say.  Immediately 
below  tins  stone  we  find  Oxford  Clay  with  GryphcBa  dilatata, 
and  it  is  therefore  without  doubt  the  bottom  bed  of  the 
Calcareous  Grit"  He  records  from  it  Ammonites  cordatus, 
A.  vertehralis,  Pecten  Jibrosus,  &c.  He  further  remarks  that, 
*'  To  the  east  of  this  is  a  band  of  very  marked  light-blue  clay, 
somewhat  sandy,  and  in  many  places  crowded  with  Ostrca 
sandalina  [Exoffi/ra  nana].  This  bed  ranges  through  Worming- 
hall, Oakley,  and  Boarstall,  and  was  again  found  with  its 
characteristic  fossil  at  Westcot,  and  one  mile  west  of  Waddesdon 
Field.  On  the  strength  of  this  evidence  a  belt  of  this  clay  has 
been  drawn  between  the  Kimeridge  and  Oxford  Clays  up  to  the 
last-named  spot,  from  whence  it  has  been  supposed  to  thin  away 
towards  the  north-east,  and  it  has  been  looked  upon  as  the 
representative  of  the  Coralline  Oolite,  (1)  from  its  position,  lying 
as  it  does  between  the  Oxford  and  Kimeridge  Clays,  and  diflfering 
in  mineral  character  from  both ;  (2)  from  the  abundance  of  Ostrea 
sandalina  [Exogyra  nana^  found  in  it,  that  shell  being  plentiful 
in  the  lower  part  of  the  Coral  Kag." 

Lists  of  fossils  from  Ickford,  Worminghall,  Oakley,  and 
Westcot  are  given  by  Prof.  Green,t  but  the  particular  localities 


♦  Geol.  Banbury,  pp.  44,  45. 
t  Ibid. 
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tind  horizons  are  not  sufficiently  distinguished   for  present  pur- 
poses.    Further  research  in  the  district  is  desirable. 

Quainton  to  Amp  thill  and  Gamlingay, 

On  the  Geological  Survey  Map,  from  Quainton  eastwards,  the 
boundary  between  Oxford  and  Kiineridge  Clay  has  been  carried, 
in  a  ** wholly  conjectural"  manner,  through  Stewkley  Village  to 
near  Leighton  Buzzard,  where  the  beds  are  mainly  concealed  by 
Drift,  and  where  but  few  sections  are  to  be  seen. 

It  is  now,  however,  generally  considered  that  over  this  tract, 
and  indeed  from  the  north-eastern  pait  of  Oxfordshire  through 
Buckinghamshire,  Bedfordshire,  Cambridgeshire,  and  Lincoln- 
shire, the  Corallian  Beds  are  represented,  in  point  of  time,  for  the 
most  part  by  clays.  Traces  of  Lower  Calcareous  Grit  were 
marked  on  the  Geological  Survey  Maps  at  Papworth  St.  Everard 
and  at  Houghton  Hill,  west  of  St.  Ives,  but  with  the  exception 
of  the  mass  of  limestone  at  Upware  there  is  no  prominent 
development  of  Corallian  rock-beds  in  this  region. 

Our  information  concerning  the  area  near  Grandborough  and 
onwards  to  Stewkley  and  Leighton  Buzzard  is  meagre.  About 
1\  miles  west  of  North  Marston  Church,  Prof  Green  found 
Gryphcea  dilatata  plentifully  in  the  ditches  and  drain-cuttings, 
and  this  shows  that  the  clay  at  Grandborough  is  Oxford  Clay. 
The  same  fossil  was  found  N.N.W.  of  Mains  Hill  Farm.  On  the 
other  hand,  Kimeridge  Clay  was  worked  in  the  brickyard  south 
of  Stewkley.  Leighton  Buzzard  itself  is  probably  situated  over 
Corallian  clays ;  and  from  this  point  the  strike  of  the  Jurassic 
rocks  is  to  the  north-east,  the  beds  being,  however,  concealed  by 
the  Lower  Green  sand  o£  Wobum.  The  Corallian  clays  re-appear 
in  the  vale  near  Ampthill. 

In  1861  Prof.  H.  G.  Seeley  drew  attention  to  a  number  of 
bands  of  rock  that  occur  at  diflPerent  places  in  this  great  clay- 
area.  He  suggested  that  the  name  Feu  Clay*  should  be  used 
as  a  general  term  for  all  the  strata  from  the  Oxford  to  the 
Kimeridge  Clays ;  while  for  the  intervening  clay,  which,  in  his 
opinion,  replaced  the  Corallian  formation,  he  proposed  the  name 
Bluntisham  Clay,  afterwards  altered  to  Tetworth  Clay,t  and 
finally  changed  to  Ampthill  Clay.]: 

The  name  Ampthill  Clay  is  now  generally  adopted  for  the 
mass  of  Corallian  Clavs,  which  have  been  so  well  shown  in  the 
cuttings  of  the  Midland  Railway  at  Ampthill,  in  Bedfordshire. 
Our  further  knowledge  of  the  beds  is  due  most  largely  to  the 
labours  of  Thomas  Roberts,  of  Cambridge,§  whose  early  death 
has  been  such  a  serious  loss  to  science. 

•  Sowerby  originally  nsed  the  term  Forest  or  Fen  Clay  for  the  Oxford  Clay. 
Mineral  Conchology,  toL  ii.  p.  129. 

t  Geologist,  vol.  iy.  p.  460 ;  Ann.  Nat  Hist.,  ser.  3,  vol.  viii.  p.  503 ;  voL  z. 
p.  108 ;  and  Rep.  Brit.  Assoc,  for  1861  (1862),  Sections,  p.  132. 

X  Index  to  Fossil  Remains  of  Aves,  &c.,  1869,  p.  109. 

§  Jurassic  Rocks  of  the  neighboorbood  of  Cambridge,  1892. 
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.  Prof.  Seeley  pointed  out  that  in  this  tlivision  of  Ampthill^Clfly 
the  fosaila  show  an  ndmixture  of  forms  belonging  to  both  Oxford 
and  Kimeridge  ClRys-  Of  these  the  more  prominent  are^lhe 
following  :— 


Ammonitca  achillee. 

-  cordatus. 
var,  excavatus. 

-  plicatilif, 

-  vertebral!  a. 


Belemnitea  abbreviatue. 

nilidus. 

Gryphma  dilatata. 
Ostrea  deltoidea. 
diecoidea  (Fig.[62). 


Ostrea  disco  lea  BtSey  i 
Ampth  II  Clay 

Thin  Bpec  ea  has  not  before  been  figured,  but  the  example  now 

taken  for  illustrntion  lus  been  seen  and  approved  by  Prof.  Seeley. 

The  cuttings  north  of  Ampthill  radway  station  have  exposed 

the  following  strata  which  have  a  general  mclmation  to  the  south 

(see  Fig.  63)  — 

rr.   In. 
Glacial  Drift  •  Boalder  clay  (Been  m  places)  -      3      0 

vi^^.iA,.r.  r•^^■^    !  Clay  and  dark  blue  abole,  with  Ammo- 
KimendgeClny--^     ^iU,  biple^,  Otlrea  ddtoid^,  &c.  _     .    10      0 
Septariaa  band,  ivitb   Orirea  discoidea 

iu  and  bcucatb  it. 
Grey  marly  ebale  and  stiff  clay,  witb 
Kclcnite;  lino  of  caloareoas  nodnles, 
Arith  Iichyodui,  and  rusty  band,  witb 
Amttumifet  mrdattu,  A!aria,  Area  «u&- 
Ulragona,  Oetrea  dttaoidea,  Thraeia  -  60  0 
Band  of  rale  earthy  limeBtonG   -  '08 

Grey  nnd  yellow  marly  clay       •  -       6       0 

Bubbly  rock-bed  (like  tbe  luiaement^bed 
at  Gkimlingayj,  witb  Ataria,  Exogyra 
nana,  Ottrea  gregwria,  PiiiJia  laneeo- 
lata,  Trigoma,  Wehhina  irregfilarig  -  *  6 
'  Clays  iTitb  "  race,"  solemto;  AmmonxUt 
pirarmatut,  Selemnilet  haitalui,  and 
QryphcBa  dilatata. 
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The  following  invertebrate 
fossils  have  been  recorded  from 
the  Ampthill  Claj  of  Bedford- 
shire and  Cambridgeshire : — * 

Ammonites  acbillea. 

cawtonensis. 

X  cordatufl. 

var.  cxcavatns. 

X  plicatilie. 

vertebralis, 

X  Belemnites  abbroviatas. 

nitidufl. 

Nautilos  bezagonus. 

Alaria  bispinosa. 

Pleurotomaria. 

Area  longipunctata. 

rhomboidalis. 

X  Bubtetragona. 

Astarte  supracorallina. 

Cardiam. 

Corbala  Deshayesea. 

CucollaBa  contracta. 
X  Exogjra  nana. 
X  Grypbada  dilatata. 

Led  a. 

Lima  pectiniformis. 

Lacina  aliena. 

Myacitea  decortatus. 

Nucula  JMenkei. 

Ostrea  deltoidea. 
diflcoidoa. 


X 
X 
X 


gregaria. 


X 
X 
X 
X 
X 


Pecten  articulatus. 

fibrosus. 

lens. 

Tbnrmanni. 

Pinna  lanceolata. 
Plica  tnla. 
Tbracia  depressa. 
Trigonia  clavellata. 

paacicosta. 

Discina  bumpbriesiana. 
Serpula  intestinalis. 

tetragona. 

tricarinata. 

Cidaris  florigemma. 
Smitbi. 


Pentacrinns. 
Webbina  irregularia. 

X  Specimens  obtained  by  Mr.  A.  C. 
G.  Cameron,  Mr.  Rhodes,  and  myself, 
from  Ampthill  and  Gamlingay. 

There  is  more  evidence  of 
a     mingling     of     Oxford     and 

*  This  list  if  based  on  that  of  T.  Roberts, 
Jarassio  Rooks  of  Cambridge,  p.  49.  Se^ 
also  Quart.  Joum.  Geol.  Soc,  vol.  xlv. 
p.  556 1  Blake  and  Hndleston,  Ibid,,  vol. 
xzxiii.  p.  81S ;  J.  Saunders,  Geol.  Mag., 
1890,  pp.  117,127. 
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Eimeridge  Clay  forms  than  we  find  to  be  the  case  in  the  area 
where  the  Corallian  stone-beds  are  developed.  This  is  natural 
enough,  for  the  conditions  of  sedimentary  deposition  were  practi- 
cally maintained  throughout  this  great  argillaceous  series  from 
Oxfordshire  to  Lincolnshire. 

Traced  beyond  Ampthill  the  boundary  of  the  Oxford  and 
Kimeridge  Clays  is  largely  concealed  for  some  distance  by  the 
Cretaceous  Rocks  of  Biggleswade,  Sandy,  and  Potton  ;  and  it  is 
interesting  to  note  that  no  Corallian  fossils,  such  as  characterize 
the  stone-beds,  are  recorded  from  the  coprolite-beds  of  Brickhill 
and    Potton,   where    so    many   other    derived   Jurassic   fossils 


occur.* 


In  the  great  mass  of  clays  there  occur  at  various  horizons 
calcareous  and  gritty  beds :  some  in  undoubted  Oxford  Clay,  as 
at  St.  Neots,  others  on  or  about  the  junction  of  the  two  Clays, 
and  some  in  the  Kimeridge  Clay. 

Particular  attention  was  drawn  to  these  by  Prof.  Seeley,  who 
from  observations  in  brickyards  and  from  the  evidence  of  wells, 
noted  the  occurrence  of  rock-beds  in  the  Fen  Clays  at  Tetworth, 
Gamlingay,  Papworth  St.  Everard  (High  Papworth),  Bourn 
(south-east  of  Caxton),  Elsworth,  Boxworth,  Conington,  St.  Ives, 
Holywell  (?)  and  Bluntisham.f 

In  the  absence  of  fossil  evidence,  little  can  be  said  about  some 
of  these  rocks,  but  from  clay  overlying  rock-beds  at  Gamlingay 
(Gamlingay  Clay),  Elsworth,  and  Bluntisham,  GryphcRa  dilatata, 
together  vnth  Ostrea  deltoidea,  have  been  recorded,  and  at 
Gamlingay  Ammonites  biplex  was  also  found. 

Tetworth,  near  Everton,  is  about  6  miles  S.S.E.  of  St.  Neots, 
in  Huntingdonshire,  and  from  a  brickyard  on  the  top  of  the  hill. 
Prof.  Seeley  recorded  the  following  fossils : — 


Ammonites  achilles. 
Belemnites  abbreviatns  (cxcen- 

tricus). 
Oryphasa  dilatata. 


Lima  pectiniformis 
Ostrea  deltoidea. 
Serpala  tetragona. 


To  the  south-east  lies  Gamlingay,  and  in  brickyards  worked  on 
the  northern  side  of  the  London  and  North-Western  (branch) 
Eailway,  near  Gamlingay  Bogs,  the  Ampthill  Clay  has  been  well 
exposed  beneath  coverings  of  Lower  Greensand.  The  section  at 
the  Belle  Vue  Steam  Brick  Works  has  been  recorded  by  T. 
Boberts ;  to  this  I  have  added  a  few  particulars,  Pome  of  which 
were  communicated  by  Mr.  Cameron,  as  follows  : — J 


*  See  Teall,  Potton  and  Wicken  Phosphatic  Deposits,  1875 ;  and  W.  Keeping, 
Fossils  of  Upware  and  Brickhill,  18d3. 

t  Ann.  Nat  Hist.,  ser.  8,  toL  viiL  p.  504,  and  vol.  x.  p.  100;  Hughes,  Proc. 
Geol.  Assoc.,  vol.  viii.  p.  401.  See  also  Penning  and  Jokes-Browne,  Geol.  Cam- 
bridge, pp.  5, 167 ;  T.  Koherts,  Quart.  Joum.  Gecl.  Soc.,  toI.  xIt.  p.  547. 

X  Jurassic  Bocks  of  Cambridge,  p.  87. 
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Lower 
Greensand. 


Ampthill  Clay  -•< 


I  False-bedded  ochreons  sand     -  «  • 

f  Grre^iRh  black  clays,  shaly  at  the  top,  and 
nipped  up  in  places   -  -  -  - 

Grey  argillaceous  limestone,  sliiyered  in  places 

8  in.  to 

Black  clays        -  -  -  -  - 

Grey  argillaceous  and  nodular  limestone  (floor 

of  pit)  -  -  -  -  - 

Clay,  with  two  bands  of  stone    (no  water), 

proved  to  depth  of     - 


20 

-    11 

1 
9 

1 

33 


Roberts  records  the  following  fossils  from  the  clays  above  the 
base  of  the  pit : — 


Ammonites  biplei  ? 
Belemnites  abbreviatus. 
Alaria  bispinosa. 
Cucullaea  contracta. 


GryphsBa  dilaiata. 
Ostrca  discoidea. 
Pecten  flbrosus. 
Thurmanni. 


The  lower  bed  of  grey  argillaceous  limestone  is  very  shelly  in 
places,  and  it  contains  pyritic  nodules ;  it  now  forms  the  floor  of 
the  pit,  and  contains  Serpulaj  and  Ostrea  as  noted  by  Roberts. 
From  this  bed  Mr.  Cameron  and  myself  obtained  Ammonites, 
Exogyra  nana,  Pecten  articulatus,  Serpula  tricarinata,  Cidaris 
jlorigemma  (spine),  and  Webbina  irregularis.     (See  p.  136.) 

From  the  clays  red  and  white  bricks  are  made  ;  while  the  beda 
of  limestone  are  burnt  for  lime. 


Elsworth  and  St,  Ives. 

Proceeding  some  miles  to  the  north-east,  past  Oaxton,  we  come 
to  Elsworth,  and  there  a  rock-bed  occurs,  to  which  attention  was 
long  ago  directed  by  Lucas  Barrett,  who  regarded  it  as  **  Upper 
Calcareous  Grit." 

The  Elsworth  Rock  was  described  by  Prof.  Seeley  in  1862, 
when  he  made  excavations  to  prove  the  strata.*  The  uppermost 
beds  were  found  to  comprise  three  layers  of  hard  whitish-grey 
rock,  6  to  8  in.  thick,  yielding  GryphcBa  dilatata.  At  a  lower 
horizon  the  following  beds  were  noticed  : — 

Ft.  In. 

{Dark  blue  laminated  clay  (reddish- 
brown  at  baae),  with  minute  ciystals 
of  selenite,  Ac.  AmTnomtes  vertebralis, 
Oryphcea  dilatata        -  -  -      6 

Bock-bed,  like  that  below  -  -      1 

Brown-black  clay,  with  Ostrea  flabeU 
Ixndes  (Marshi) ;  this  bed  passes  into 
sandstone         -  -  -  -      5 

Dark  blue  homogeneous  limestone,  with 
ironshot  oolitic  grains,  and  iron 
pyrites  -  -  -3    0  to      7      0 

The  Elsworth  Bock  was  then  considered  to  be  the  uppermost  zone  of 
the  Oxford  Clay  ;  it  is  now  regarded  as  equivalent  to  the  St.  Ives  Bock ; 
and  both  are  grouped  with  the  Lower  Calcareous  Grit,  a  view  suggested 
by  Messrs.  Blake  and  Hudleston,  and  confirmed  by  Thomas  Boberts. 


Elsworth  Bock, 
14  feet. 


6 
6 


0 


*  Ann.  Nat.  Hist.,  scr.  3,  vol.  viii.  p.  504;   and  vol.  z.  pp.  98,  99,  107,  109; 
Sedgwick,  Locture  on  the  Strata  near  Cambridge^  1861,  p.  23. 
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171111  regsrd  to  the  three  layers  of  grey  rock  above  notod.tlioymfty  belong 
to  a  bed  oF  qjilonreous  grit  mentionL^d  by  Penning  and  Jukes-Browne, 
who  Bay,  "  Tlic  grit  is  probably  continuous  with  a  small  exposure  of 
Cftlcareoua  rock,  a  foot  or  more  thick,  with  Oryphwa,  dilalaia,  just  weat  of 
Eiaworth,  tt  bed  not  to  bo  confounded  with  the  '  Elaworth  Rock.'"* 

Many  foaiils  have  been  recorded  from  the  EUworth  and  St. 
Ives  Rocks,  by  Prof,  Secley,  ^te@srs.  Blake  and  Hudleston,  and 
by  Messrs.  Penning  and  Jukes-Browne.  The  accompanying  list 
is  that  revised  by  T.  Boberts.t 


CORILLIAX  ?OBSILS. 


Uy  bodtu  grouicDi 


Selemnllu  bastiti 


PbWIIi      -       - 
PEcuratomuia  grunulaU 

MQnstcri  • 

Anstina  ailiiius 


iMtTtevntm  • 


ATicoIa  biumbnrleiisu 

lnwtiiir»lTis 

pteraDernoldts    • 

Ouiliiiiii  Onwrordl    - 
Cuculbea  Dlithnta     - 


Hinniteaabjectiu 


—  la'tiiuciUs 

—  pcctlnirormu 


Lilbodomua    - 
Lucinii  B«ani  iKlnboan) 
Modioli  bLnartr~~ 


Opii  anniloni 
Oatrw  diicoidoa 
aabrl  lollies 


Pemi  lojliloid 
Pholadomyu  in 


H  udlertoni 

portflta     - 


Qoniocbi^irug  crisUttua 
Apiocrlniu      - 
UiUBricrlnut  ecUnatiis 
Pentwrinui    - . 
tHdaris  Oorleemms    ■ 


udepramu 


The  BoKworth  Rock  was  described  by  Prof! 'Seeley  as  occur- 
ring in  two  layers,  the  upper,  hard  and  dark  blue,  with  a  few 
«mall  shellB;  and  the  lower  part  pfde  brown,  and  composed 
almost  entirely  of  shells,  chiefiy  univalTee.  The  rock,  locally 
called  "flint,"  was  1^8  jncbes  thick.  The  foBsila  included  tbe 
following : — 


*  Gcologj  of  Cikmbridge,  p.  4. 

t  Jurauic  Itocks  of  Cambridge,  p.  S5.  See  also  Seeley,  Ami,  Kat.  Hist.,  ecr.  3, 
-to).  X.  p:  109 1  Blake  and  HudleMos,  Quart.  Jonre.  Geol.  Soc.,  vol.  zxxiii.  p.  niS ; 
Bobert^  /Aid.,  vol.  xlii.  p.  548  i  PeD&iagBDdJnket'Broinie,Qeotog7  of  Cambridge, 
p.  7 ;  BooneT,  Cambridgesliiie  Geology,  p.  U. 
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Ammonites  biplex. 
—  altemans  P 


Cerithium  muricatam. 
Pecten  lens. 


Alalia  bispinosa. 

The  clay  beneath  yielded  Ostrea  deltoidea,  Grt/phcea  dilatata, 
and  a  species  like  0,  Iceviuscula  named  O.  discoidea,^  (See  Fig. 
62,  p.  136.)  Saurian  remains  also  occur. 

The  Box  worth  Rock  was  regarded  by  Prof.  Seeley  as  on  a 
higher  horizon  than  the  Elswortli  Kock.  Messr^i.  Penning  and 
Jukes-Browne  observe  that  the  brickyard  is  in  bluish-grey  clay, 
*'  with  two  thin  Iayei*8  of  whitish  sandy  limestone,  separated  by  a 
foot  of  clay,  and  very  fossiliferous.  There  is  said  to  be  a  layer  of 
septaria,  several  feet  below  these  limestone  bands.^t  At  the  time 
of  my  visit  a  bed  of  pale  septarian  limestone  called  '<  Clunch/' 
said  to  be  about  2  feet  thick,,  was  shown  at  the  base  of  the  shallow 
pit,  and  I  was  informed  that  clay  had  been  worked  beneath  it. 

Lately,  Mr.  Cameron  has  found  a  rock-bed  at  Hilton,  south- 
east of  Huntingdon,  and  this  has  yielded  Ammonites  and 
Pholadomya* 

Another  rock-bed,  known  as  the  "  Red  Rock  of  St.  Ives,*'  has 
been  opened  up  in  the  brickyard  to  the  west  of  St.  Ives.  There 
Prof.  Seeley  found  abundant  remains  of  a  rock,  which  an  old 
brickmaker  told  him  **  once  extended  continuously  all  over  the 
pit  to  a  thickness  of  3  feet,  quite  at  the  surface,  and  sometimes 
parted  into  two  beds  by  an  intervening  layer  of  clay.  Where 
visible,  the  rock  here  is  much  weathered,  but  is  the  same  kind  of 
reddish-brown  deposit,  full  of  oolitic  grain?,  which  occurs  at 
Elswortk" 

Beds  of  rock,  dipping  eastward,  have  also  been  noticed  in  the 
brickyards  to  the  north  and  north-east  of  Sr.  Ives,  but,  a& 
remarked  by  Prof.  Seeley,  ''whether  this  rock  is  an  extension  of 
that  of  Elsworth,  or  another  bed  inferior  or  superior  to  it,  is  a 
very  complex  question,  difficult  to  answer.'^J 

Roberts  has  noted  the  St.  Ives  section  as  follows  : — § 

Yellowish  brown  calcareous  clay  -      0      7 

Brown  fermeinons  limestoues,  with 
decomposed  nodules    of  pyrites  in 

1     upper  part       -  -  -  -      1      6 

Brown,  sandy,  fossiliferous  limestone, 
with  oolitic  grains  of  oxide  of  iron ; 
nodular  towards  base  •  <-  -      0      6 

Oxford  Clay     -    Grey  calcareous  sandy  clay       -  -      0      6 

A  list  of  fossils  from  the  St  Ives  Eock  has  been  given  previously  (p.  140  • 
see  also  p.  56).  .  ' 

Upware, 

On  the  eastern  side  of  the  River  Cam,  about  6  miles  south  of 
Ely,  there  is  an  "  Ancient  Bank  "  or  ridge  formed  of  Corallian 

♦  Ann.  Nat.  Hist.,  ser.  3,  vol.  x.  p.  104.    See  also  p.  107. 
t  Gtolo^  of  Cambridgt,  p.  6. 

j  Ann.  Kat.  Hist.,  scr.  3,  vol.  x.  p.  101,  and  voL  \UL  p.  504. 
§  Jnrastic  Rocks  of  Cambridge,  p.  81. 
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limestones.  It  extends  from  the  Inn  known  ns  *^  Five  miles  fron> 
Anywhere,"  at  Up  ware,  northwards  for  nearly  three  miles  to 
Padney. 

The  occurrence  of  this  rock  was,  of  course,  well  known  to 
agriculturists,  and  it  was  mentioned  by  Vancouver  in  1794,  wha^ 
in  describing  the  parish  of  Wicken  ("  Wickin "),  says,  of  this 
portion,  **  The  arable  land  consists  of  a  deep  brown  mould,  upon 
a  dry  bed  of  ragstone."* 

The  attention  of  Sedgwick  was  early  directed  to  this  exposure 
of  rock,  and  collections  of  fossils  wore  made  by  him.  He  does 
not  appear,  however,  to  have  been  acquainted  with  it  before  1826, 
but  he  drew  the  attention  of  Fitton  to  the  strata,  and  that 
geologist  published  tlie  earliest  account  of  them,  grouping  them  as 
portions  of  the  "  Oxford  Oolite,"  and  noting  some  of  the  fossils,  t 

It  is  remarkable  that  between  Wiltshire  and  East  Yorkshire 
this  is  the  only  kno^vn  occurrence  of  beds  that  correspond  in 
character  with  the  Coralline  Oolite ;  while  the  nearest  beds  of 
Coral-rock  are  those  of  the  neighbourhood  of  Oxfor(L 

'^The  Upware  Limestone  has  been  opened  up  in  three  quarries, 
and  only  the  southern  of  these  is  occasionally  worked  for  road- 
metal.  The  quarry  east  of  High  Fen  Farm,  has  long  been 
obscured.  That  to  the  eouth-w^est  of  the  Farm  is  now  abandoned, 
and  partially  filled  with  water.  When  I  last  visited  the  section, 
in  1889,  it  showed  about  9  feet  of  crumbly  oolitic  and  pisolitic 
limestone,  not  unlike  the  Osmington  Oolite  of  Weymouth. 
About  12  feet  of  false-bedded  rock  has  been  opened  up,  and  it 
has  yielded  in  abundance  Echinobrissus  scutatus  and  HoUctypus 
depressus. 

Further  south  the  oolite  was  shown  in  several  places  by  the 
side  of  the  lane  leading  towards  the  southern  quarry,  and  by  that 
leading  from  Wicken  Lamas  Ground  towards  Fen  Side.  In  the 
field  to  the  south  of  this  lane,  I  picked  up  pieces  of  oolite  and 
also  some  corals,  suggesting  that  thereabouts  the  rock  shown  in  the 
southern  quarry  (Coral  Rag)  overlies  that  of  the  northern 
(Coralline  Oolite). 

In  the  southern  quarry,  which  is  about  half  a  mile  north  of 
Upware  Inn,  the  beds  are  shown  to  a  depth  of  about  20  feet, 
and  consist  of  pale .  cream-coloured  oolite,  bluish-grey  where 
unweathered,  and  false-bedded. 

In  the  up[)er,  8  or  10  feet,  there  are  well-marked  coral-beds 
with  TliamnastrcBa^  Isastrcea,  and  Stylina,  also  Lithodomus  m- 
clusuSy  Pecten  articulatus,  &c.  The  lower  beds  consist  largely  of 
shell  fragments,  while,  at  the  base,  there  were  oolitic  shelly  and 
marly  limestones,  resembling  beds  exposed  in  the  northern  quarry. 
This  sequence  was  inferred  by  Messrs.  Blake  and  Hudleston,  who 
have  given  an  excellent  account  of  the  beds  and  their  fosols. 

The  following  list  of  fossils  from  the  Upware  Limestone  is  taken 
from  that  of  T.  Roberts ;  the  species  marked  N.  being  obtained 

*  General  View  of  the  Agricultorv  of  Cambridge,  p.  134. 
'  t  TranR.  Geol.  Soc.,  rer.  2,  toL  t.  pp.  307,  81 7|  pi.  za. 
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from   the    northern,  and    those  marked   S.   from  the    southern 
quarry* : — 

Ammonites  Achilles,  K.  S. 

mutabilis,  S. 

perarmatns,  N. 

plicatilie,  N.  S. 

trifidas,  N. 

vertebralis  vox,  cawtonen- 

sis,  S. 
Belemnites  abbreviatas,  N. 
Alalia,  S. 

Amberleya  princeps,  S. 
Bourgnetia       (Fhasianella) 

striata,  S. 
Cerithium  muricatum.  S. 
Cbemnitzia  heddingtonensis,  S. 
Emargiiiula  Goldfossi,  S. 
Fissurella  corallensis,  S. 
Littorina  Meriani,  N. 
mnricata,  N.  S. 


I 


Natica  clymenia,  S. 

clytia,  S. 

Neritopsis  decussata,  S. 

Guerrei,  S. 

Pleurotomaria  reticulata,  S. 

sp.,  N. 

Trochotoma  tomata,  S. 
Troohus,  S. 

Anomia  suprajureusis,  S. 
Area  ffimula,  S. 

anomala,  S. 

contracta,  S. 

pectinata,  S. 

■— — ■  quadrisulcata,  S. 
Astarte  aytoneusis,  S. 

ovata,  S. 

Cardita  ovalia,  S. 
Cardium  (c.f.)  delibatum,  S. 
Cucull8Da  elongata,  S. 
Cypricardia  glabra,  S. 
Exogyra  nana,  S. 
Gastrochaena  moreana,  S. 
Gervillia  an^ustata,  S. 

aviculoides,  N.  S. 

Goniomya  v.-scripta,  S. 
Hinnites  tumidas,  S. 
Homomya  tremnla,  S. 
Isoarca  grandis  (multistriata),  S. 

texata,  N.S. 

Lima  elliptica,  S. 

gibbosa,  S. 

Ijeviascula,  S. 

rigida,  S. 

—  rudis,  S. 
Lithodomns  inclasus,  S. 
Lacina  Beani,  S. 
moreana,  S. 


Modiola  bipartita,  N.  S. 

(c.f.)  rauraciencis,  S. 

subaBquiplicata,  S. 

Myaeites  decurtatos,  S. 
—  recurvns,  S. 
Myoconcha  SsBmanni,  S. 

texta,  S. 

Mytilns  jurensis,  N. 

pectinatuB,  S. 

ungnlatus,  N.  S. 

Opis  arduennensis,  S. 

corallina,  S. 

PhilHpsi,  N.  S. 

virdunensis,  S. 

Ostrea  gregaria,  S. 

solitaria,  S. 

Pecten  articulatus,  S. 

fibrosns,  N. 

inBBquicostatns,  S. 

Pema  subplana,  S. 
Pholadomya  decemcostata,  S. 
Pinna  lanceolata,  S. 
Pleuromya  Yoltzi,  S. 
Plicatula  fistnlosa,  S. 
Qaenstedtia  Issyigata,  S. 
Trigonia  Meriani,  S. 
Ehynchonella,  S. 
Terebratala  insignis  var,  malto- 

nensis,  S. 
Gastrosacus  Wetzleri,  S. 
Glyphea,  S. 

Prosopon  marginatum,  S. 
Serpula  tetragona,  S. 
Vermicularia,  S. 
ApiocrinuB  polycyphns,  S. 
Cidaris  flori  gemma,  S. 

Smithi,  S. 

Collyrites  bicordata,  N.  S. 
EchmobrisBus  scutatns,  N.  S. 
Hemicidaris  intermedia,  S. 
Holectypas  depressus,  N.  S. 
Hyboclypus  gibberoloBi  I^. 

sp.  S. 

MillericrinuB,  S. 
Pentacrinus,  S. 
Psendodiadema  versipora,  N. 
Pygaster  umbrella,  N.  S. 
StomechinuB  gyratus,  S. 
Isastraea  explanata,  S. 
Montlivaltia  dispar,  S. 
Bhabdophvllia  Phillipsi,  S. 
Stylina  tubulifera,  S. 
Thamnastrssa  aracbnoides,  S. 

concinna,  S. 

"  Scyphia,"  S. 


♦Eoberts,  Jurassic  HockB  of  Cambridge,  p.  53.  The  above  list  is  revised 
from  that  given  by  Roberts  in  the  Geology  of  parts  of  Cambridgeshire  and 
Suffolk  (Geol.  Survey),  p.  12.  Sec  also  Blake  and  Hudleston,  Quart. 
Journ.  Geol.  Soo.,  vol.  zzxiii.  p.  314,  and  Geol.  Mag.,  1878,  p.  92. 
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The  apparently  isolated  nature  of  the  Corallian  Beds  at  this 
locality  has  been  remarked  upon  by  many  geologists.  Prof. 
Seeley  employing  the  name  "  Upware  Limestone  "  regarded  it  as 
a  reef;  Messrs.  Blake  and  Hudleston,  and  Prof.  Bonney  have 
also  uitributed  its  local  occurrence  rather  to  its  '*  reef -like 
character  "  than  to  denudation.*  Sedgwick,  too,  long  ago  remarked 
that  the  rock  "  does  not  form  a  continuous  band  concealed  under 
the  fens,  as  several  wells  have  been  sunk  (between  Cambridge 
and  Lynn)  through  the  Kimmeridge  clay  into  the  Oxford  clay 
without  passing  through  any  beds  which  bore  a  resemblance  to  the 
Coral  Rag."t 

On  the  western  side  of  the  Upware  ridge,  between  the  two  open 
quarries,  there  is  a  fringe  of  Lower  Greensand  and  Gault,  and 
beneath  them  the  Kimeridge  Clay  was  proved  to  rest  on  the 
Corallian  limestone.  The  Lower  Greensand  rested  irregularly  on 
the  eroded  Kimeridge  Clay,  overlapping  its  margin  and  resting 
itself  directly  against  the  bank  of  Corallian  Bed^,  so  that  no 
Kimeridge  Clay  was  exposed  at  the  surface.  Details  of  this 
section  were  published  by  Messrs.  H.  and  W.  Keeping. 

On  the  eastern  side  of  the  Corallian  ridge  no  Kimeridge  Clay 
has  been  proved,  for  in  pits  near  Spinney  Abbey  Farm,  the 
Corallian  Beds  were  found  by  W.  Keeping  and  E.  B.  Tawney, 
directly  beneath  the  Lower  Greensand  at  a  depth  of  8  feet  9  ins. 
from  the  surface.  The  Corallian  rock  was  described  as  a  "  hard, 
gritty,  bedded  limestone ;  grey  coloured,  with  scattered  large 
oolitic  grains."  j: 

The  accompanying  diagram  is  intended  to  show  the  general 
structure  of  the  region  at  Upware ;  it  is  based  on  the  evidence 
furnished  by  borings  in  the  vicinity.  It  is  probable  that  the 
Upware  Limestone  is  to  some  extent,  at  any  rate,  replaced  by  the 
Ampthill  Clay,  as  roughly  represented  in  the  diagram.  When 
we  compare  the  fossils  enumerated  from  the  AmpthiU  Clay  (p.  137) 
with  those  from  the  Upware  Limestone,  their  close  connexion  is 
evident. 

A  well-boring  made  (1885)  at  Chettering  Fann,  half  a  mile  south-east 
of  Stretham  Ferry,  and  two  and  a  half  miles  north-west  of  Upware,  was^ 
described  by  Thomas  Boberts,  who  has  given  the  following  detaUs: — § 

Ft.  Ik. 
AlluyialDeposits{£»t^       '-  '.  !  I  .*      §      2 

Lower  Greensand    -  -  -  -  -  -IS      6 

Black    clays,  with    greyish   limestone 

bands ;    the  latter  were  abont  1  ft. 

thick,  and  intervening  clays  8  ft.  6  in. 

TTx-^^^-^An.^  m««.  J     The  clay  contained  some  phosphatic 
Kunendge  Clay  -<^     modules  -  -  -  -    86      0 

Laminated  clays,  in  which  Ammonites 

aZtemans  was  found    •  •  •    12  *    0 

Clays  with  black  phosphatic  nodules    -80 

*  A  fuller  account  of  yarioos  views  concerning  the  Conllian  Beds  of  Upware  is 
^Ten  in  the  Memoir  on  the  Geology  of  parts  of  Cambridgeshire  and  Suffolk,  pp.  8-11 . 
t  Bep.  Brit.  Assoc,  for  1845,  Sections,  p.  48. 
t  Neocomian  Deposits  of  Upware  and  Brickhill,  1883,  pp.  3,  7. 
I  Jurassic  Bocks  of  Cambridge,  pp.  23, 47,  65. 
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r Black    clay  with    iron-pyrites;    mtb 
AinptbillCl&7-^      2  feet  of  dark  Eandy  limeatono  near 

r  ri  ^  fHaxd  QTcjish  limestone,  orowded  with 

p''77i^?.\°'"!?>f  J      oolifio  grains  of  oxide  of  iron ;  PhoU^ 

Rotk).  tLightlrownaandatone  -  .  .    11 

TAlternating  beds  of  clay  and  limestone, 
I      the  latter  8  to  9  in.  thick        •  ■    12 

Ojtford  Clay,     J  ClajB  witb  some  fragmente  of  foBBila    -    67 
81  feet.  ]  Ai^illsceone  limostono  •  •  -2 

I  Claj,  with  email  pyritized  Ammonite 
L    and  Oitrea       -  .  -  -10 


8.  AUuviuin. 

7.  Gault. 

6.  Lon-cT  Greenland. 

S.  Eimeiiclg«  Claj. 


i.  Up  ware  Linettone. 
8.  AmpthiU  CUj-. 
S.  Lover  CoTBUian  B«ok-b 
1.  Oxford  CUy. 
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A.  boring' at  Dimmock's  Cote,  Stretham  Fen,  on  the  western  side  of 
the  Cam,  and  but  a  little  distance  from  the  IJpware  ridge  proved  the 
folio  If  ing  strata : — 

Feet. 
Alluvial  f  Black  earth  -  ....        3 

Deposits.  \  Peat  -  -  -  -  •  -      18 

Gauit?-  -    Blue  clay      -  -  -  -  -    110 

GreenrandP       }  Bock  and  sand         -  .  .  -  JLO 
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The  Blue  clay  was  considered  by  Messrs.  Penning  and  Jukes-Browne 
to  be  Kimeridge  Clay ;  *  but  it  seems  by  no  means  improbable  it  may  be 
Gault,  with  underlying  Lower  Greensand.  On  consulcing  with  Mr.  Jukes - 
Browne  (1894),  he  states  that  110  feet  is  more  than  the  known  thickness 
of  Gault ;  but  that  the  blue  clay  may  in  part  be  Gault. 

In  another  boring  in  Stretham  Fen  (Mr.  Feust's  Farm)  **  Eock  and 
black  sand  "  were  reached  at  a  depth  of  30  feet,  there  being  only  18  feet 
of  blue  clay  above,  with  a  capping  of  12  feet  of  sand  and  gravel.  Roberta 
thought  the  "  rock  and  sand  '  might  be  the  same  as  that  met  with  in  the 
Chettering  boring,  and  which  there  clearly  appears  to  represent  the  Lower 
Calcareous  Grit ;  f  but  it  seems  to  me  the  evidence  on  the  whole  fa¥Ours 
the  view  that  Lower  Greensand  and  Gault  have  alone  been  proved  in  the 
Stretham  Fen,  and  the  Geological  Survey  Map  tends  to  support  this  view. 

A  boring  at  Wicken  was  carried  through  soil  3  feet,  and  then  blue  clay, 
with  bands  of  black  rock  (1  foot  thick),  to  a  depth  of  200  feet.  Wicken 
village  is  on  the  Gault,  but,  as  noted  by  Mr.  Jukes-Browne,  iia  thickness 
near  Dy,  at  Soham,  has  been  proved  to  be  but  90  feet.  The  Wicken  boring 
affords  no  indication  of  Lower  Greensand,  but  that  formation  may  occur 
in  outlying  portions  beneath  the  Gault,  for  indeed  the  G^ult  overlaps  it  at 
IJpware.  Hence  the  Wicken  boring  may  have  been  carried  into  Oxford 
Clay. 

At  Soham  12  feet  of  "  red  sand  and  rock  "  were  found  beneath  the  Gault. 
At  another  well  at  Soham  Fen,  sunk  120  feet  to  rock,  the  water  overflowed, 
but  was  brackish. 

At  Mildenhall  it  seems  not  unlikely  that  Jurassic  clay  was  reached  at 
a  depth  of  261  ft.  6  ins.  beneath  Chalk,  G^ult,  and  Lower  Greensand.  The 
record  of  Sir  H.  Bnnbury,  quoted  by  Mr.  Whitaksr,  gives  "Blue  clay 
with  fragments  of  large  shells,"  9  or  10  feet  thick,  and  penetrated  at  the 
depth  of  261i  to  271  feet  from  the  surface.  This  may,  as  suggested  by 
Mr.  Whi taker,  be  Kimeridge  Clay ;  it  may  be  Oxford  Clay. 

In  a  boring  at  Culford,  between  Mildenhall  and  Bury  St.  Edmunds, 
Lower  Greensand  was  found  to  rest  on  Palssozoic  rocks  at  a  depth  of 
637J  feet.: 

At  the  Woolpack  Inn,  Cambridge,  a  boring,  noted  by  Mr.  Whitaker, 
was  made  to  a  depth  of  433  feet.  The  lowest  15  feet,  beneath  the  Lower 
Greensand,  comprised  rock,  clay,  white  marl,  and  dark  sand — possibly 
Corallian  Beds.§ 

In  1836  a  boring  was  made  at  Saffron  Walden  in  Essex,  and  this  was 
continued  to  a  depth  of  1,004  feet.   The  records  that  have  been  published 

five  no  satisfactory  particulars  of  the  lower  strata,  all  we  know  is  that 
0  feet  of  gravel,  ana  265  feet  of  Chalk  were  penetrated,  after  which  the 
bore-hole  was  continued  in  **  chalk-marl,  containing  numerous  shells  with 
pyrites."  It  was  considered  likely  by  Mr.  Whi  taker  that  this  *'  chalk- 
marl/'  included  not  only  Gault,  but  prooably  Kimeridge  and  Oxford  Clays.lt 

Mr.  T.  Koberts  has  shown  that  the  basement-bed  of  the 
Kimeridge  Clay  contains   numerous    phosphatic  nodules^  which 

~ —  iiii-  j_j  __      

•  Geoloffy  of  Cambridge,  p.  165. 

t  Jummc  Rocks  of  Cambridge,  p.  59. 

t  Whitaker  and  Jukes-Browne,  Quart.  Journ.  Geol.  Soc,  vol.  1.  p.  488. 

I  Geology  of  parts  of  Cambridgeshire  and  Suffolk,  pp.  Ill,  115. 

II  Geol.  N.W.  part  of  Essex,  p.  79  ;  Geol.  Mag.,  1890,  p.  515.  See  also  Proc. 
Norwich  Geol.  Soc,  vol.  i.  p.  28. 
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E've  a  well-defined  upper  boundary  to  the  Amptbill  Clay  •     We 
kve  therefore  the  following  general  sequence: — f 

Elimeridge  Clay,  with  phosphatio  nodule-bed  at  base. 
Oorallian  f  Upware  Liraostone  and  Amptbill  Clay. 

Beds.  1  Elsworth  Bock. 

Oxford  Olaj. 

Willinghamy  Bluntisham,  and  the  Fenland. 

Turning  to  the  main  line  of  outcrop  which  occurs  in  the 
neighbourhood  of  Willingham,  we  find  evidence  of  the  base  of  the 
Kimeridge  Clay  to  the  east  of  that  village.  My  attention  was 
directed  in  1382  by  Prof*  Hughes  to  some  sections  at  the  west  end 
of  Balsar's  Hill-J     There  I  obtained  the  following  fossils : — 


Ammonites  alternana. 
Avicnla  costata. 
Exogjra  nana. 
Grastrochsena  ? 


Ostrea  deltoidea. 
Serpula  variabilis. 
Ycrmilia  salcata. 


Small  black  "  coprolites  "  were  very  numerous,  and  these  I  took 
to  belong  to  the  Kimeridge  Clay,  a  view  confirmed  by  the  later 
observations  of  T.  Koberts.§  The  old  brickyard  north  of 
Willingham  appears  to  have  been  worked  in  Oxford  Clay, 

Further  to  the  north-west  we  come  to  Blxmtisham,  where  Pro£ 
Seeley  described  the  **  Bluntisham  Clay."  At  this  locality  in 
1874  Mr,  Skertchly  noticed  a  section  showing  Boulder  Clay, 
underlaid  by  Kimeridge  Clay  (?),  and  with  Oxford  Clay  beneath, 
yielding  Gryphea  dilatata  and  numerous  fragile  Ammonites.  || 

Prof.  Seeley  has  noted  that  in  the  bottom  of  the  railway-cutting, 
west  of  Bluntisham,  an  iron-shot  oolitic  and  shelly  rock,  resembling 
that  of  Elsworth,  was  proved.  Roberts  remarks  that  the  clay 
now  seen  in  the  cutting  is  certainly  the  Amptbill  Clay,  so  that 
probably  the  Bluntisham  rock  is  Lower  Calcareous  Grit.  If 

Through  the  Fenland  area  from  the  neighbourhood  of  Bluntis- 
ham northwards,  the  Corallian  clays  are  probably  present  to  the 
west  of  Chatteris  and  March. 

At  March  both  Oxford  and  Kimeridge  Clay  fossils  have  been 
recorded  from  the  brickyards,*  *  and  further  north  in  a  deep  boring 
(made  about  1812)  at  Allen's  Brewery,  Lynn,  clays  were  pene- 
trated to  a  depth  of  630  feet  beneath  about  60  feet  of  AUuvium.tf 
The  lower  portion  of  these  clays  yielded  the  following  species, 
which  were  recorded  in  1835  by  C.  B.  Rose : — 


Ammonites  decipiens. 
"-^■^  excavatns. 
Belenmitei  abbreviatas. 


Ostrea  (G^pheea)  bnllata. 
Thracia  (Mya)  depressa. 
Serpnla  tricarinata. 


*  Quart.  Joum.  Gool.  Soc.,  vol.  xIt.  p.  547. 

t  This  agrees  with  that  giyen  in  1871,  by  Prof.  Morris,  Proc.  Geol.  Assoc., 
Tol.  ii.  pp.  220,  223  (Excursion  to  Cambridge). 

X  Geology  (^  parts  of  Cambridgeshire  and  Suffolk,  pp.  14,  18. 

§  Jurassic  Rocks  of  Cambridgeshire,  p.  62. 

I|  Geology  of  parts  of  Cambridgeshire  and  Suffolk,  p.  118. 

^  Jurassic  Books  of  Cambridgeshire,  p.  21. 

*•  Skertchly,  Geol.  Fenland,  pp.  192,  26S,  317. 

ft  Pbii*  Mag.,  ser.  8.  toL  viL  pp.  173,  &c.  See  also  Fitton,  Trans.  GeoL  So«., 
•tr.  2|  vol.  iv.  p.  816 ;  and  Whitaker,  GeoL  S.W.  Norfolk,  &c.  p.  158. 
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To  these  Fitton  added  GryphcBa  dilatata  and  Ostrea  deltoidea. 
Although  identified  so  long  ago,  it  is  note^vorthy  that  all  these 
species  are  among  those  enumerated  by  T.  Roberts  from  the 
Corallian  clays  of  Lincolnshire,*  and  we  are  justified  therefore  in 
concluding  that  we  have  here  the  representatives  of  these  beds  or 
of  the  Ampthill  Clay  of  other  parts. 

It  is  possible  that  Corallian  clay  occurs  also  at  Denver  Sluice^ 
south-west  of  Downham  Market,  for  Rose  has  recorded  Ammonites 
decipiens  from  dark  blue  clay  beneath  the  Alluvium  at  this 
locality. 

Lincolnshire, 

Passing  into  Lincolnshire  we  traverse  a  considerable  area  where 
the  Kimeridge  Clay  and  the  passage-beds  into  the  Oxford  Clay 
(of  Corallian  Age)  are  concealed  beneath  the  Alluvium  of  the 
Fenland.  At  Billinghay  we  find  Oxford  Clay  and  at  Tattershall 
Kimeridge  Clay,  the  intermediate  ground  being  concealed  by  the 
Alluvium  of  the  Witham. 

Further  north  from  Bardney  onwards  to  near  Bametby-le-Wold 
an  approximate  boundary-line  between  Elimeridge  and  Oxford 
Clays  has  been  drawn  on  the  Geological  Survey  Map,  but  the 
tract  is  very  largely  covered  by  Drift,  so  that  definite  fossil 
evidence  is  obtained  only  here  and  there. 

Referring  to  the  southern  portion  of  this  area  Mr.  Jukes-Browne 
has  stated  (1888)  that  '^the  Corallian  group  [i.e.,  as  a  rock- 
formation]  is  entirely  absent,  and  the  Oxford  Clay  passes  up  into 
the  Lower  Kimeridge  without  the  development  of  any  bed  which 
can  be  taken  as  forming  a  line  of  division."  He  remarks  that 
'*  Near  Bardney  the  position  of  this  zone  of  passage  can  be  fixed 
with  tolerable  certainty,"  and  he  further  observes  that  *^  The 
Lower  Eomeridge  Clay  contains  many  species  which  are  usually 
considered  as  Oxford  Clay  forms,  such  as  Ammonites  plicatilis  and 
Gryphaa  dilatata,'^^  The  northern  portion  "of  this  area  was 
examined  by  Mr.  Ussher,  and  he  obtained  near  Wrawby  evidence 
of  the  palaeontological  boimdary  between  the  clays4 

In  the  meantime  (1889)  Thomas  Roberts  published  the  results 
of  his  researches  on  this  subject.  He  examined  the  country  with 
the  view  of  ascertaining  whether  any  clays  corresponding  to  the 
Ampthill  Clay  occur  in  Lincolnshire  between  the  Oxford  and 
Ejmeridge  Clays ;  and  he  came  to  the  conclusion  that  there  was 
on  this  horizon  a  band  of  black  selenitiferous.  clays  with  occasional 
septaria^  and  with  Ostrea  deltoidea  and  Gryphaa  dilatata,  which 
correspond  both  lithologically  and  palasontologically  with  the  clay 
at  Ampthill,  and  may  therefore  be  considered  of  Corallian  age. 
The  maximum  thickness  observed  was  17  feet,  and  the  beds  were 
seen  in  brickyards  west  of  Hawstead  Hall,  near  Stixwould ;  on 


*  Quart.  Joarn.  GeoL  Soc.,  vol.  xlv.  p.  556. 

JGeoL  Lmcoln,  pp.  78,  78,  79. 
QeoL  North  Lincolnihire,  p.  99  (1890). 
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Bardney  Common ;  north  of  South  Kelsey ;  and  west  of  North 
Kelsey  railway-station.  Evidence  was  also  obtained  of  these  beds 
in  the  railway-cuttings  east  of  Brigg  and  near  Wrawby.  Roberta 
regarded  the  beds  in  the  western  half  of  the  Wrawby-Bridge 
cutting  as  Corallian ;  there,  and  in  another  cutting  a  quarter  of  a. 
mile  north-west,  the  black  clays  with  selenite  were  exposed*  At 
Wrawby-Bridge  these  clays  are  succeeded  by  dark  clays  with 
brownish  iron-stone  concretions,  yielding  other  fossils.  The  list 
of  species  from  Wrawby  published  by  Mr.  LTssher  includes  also 
forms  obtained  from  the  base  of  the  Kimeridge  Clay ;  but  he  states 
that  Ammonites  rotundui  has  been  found  in  association  with 
Gryphcea  dilatata^  both  at  Wrawby  and  at  South  Kelsey.* 

In  the  brickyard  south-east  of  Bardney  thin  gritty  bands  occur 
in  the  dark  shaly  clay,  but  at  the  time  of  my  visit  (1889)  the  clay 
had  not  been  dug  for  the  past  three  years.  A  list  of  fossils  has 
been  published  by  Mr.  Jukes-Browne,t  and  this  includes  some 
species  not  recorded  (or  differently  named)  by  Roberts.  These 
clays  overlie  the  Oxford  Clay  with  Ammonites  cordatus^  A.perar- 
matus^  &c.,  and  are  surmounted  by  Kimeridge  Clay,  with  Ostrea 
deltoidea  in  abundance.  All  the  species  observed  by  Roberts  also 
occur  in  the  Corgllian  Beds  of  other  localities,  nearly  all  of  them 
occur  in  the  Ainpthill  Clay,  and  not  one  of  them  is  peculiar  to 
either  Oxford  or  Kimeridge  Clay.  The  association  of  GryphcBa 
dilatata  and  Ostrea  deltoidea  is  characteristic  of  the  passage-beds 
between  these  clays.  In  Lincolnshire  he  states  that  the  former 
species  is  most  common  in  the  lower  part  of  the  selenitiferous 
clays,  whilst  the  latter  is  more  frequently  met  with  in  the  upper 
part.  The  careful  observations  of  Roberts  therefore  enable  us  to 
group  these  intermediate  clays  in  Lincolnshire  with  the  Ampthill 
Clay.  Their  thickness  is  not  less  than  20  feet,  but  owing  to  the 
absence  of  any  clear  continuous  sections  their  full  thickness  has 
not  been  ascertained. 

The  following  is  a  list  of  fossils  from  the  Ampthill  Clay  of 
Lincolnshire,  as  recorded  by  Roberts  ;J  those  marked  x  occur 
also  in  Bedfordshire  :— 


Ichthyosaums. 
X  Ammonites  achilles. 

X  cawtonensis. 

X   —  cordatus. 

var.  cxoavatos. 

— —  decipiens. 
X  —  plicatilis. 

X  vertebralis. 

X  Belemnites  abbreviatae. 
X  —  nitidns. 
X  Alaria  bispinosa. 
X  Area  longipunctata. 
X  Astarte  gnpracorallina. 


Avicnla  pteropemoides. 

Cardium  striatulum. 
X  CnculleBa  contracta. 
X  Grypbaaa  dilatata. 

Ostrea  bullata. 

X  deltoidea. 

X  Fecten  fibrosus. 

Fholadomja  concentrica. 
X  Pinna  lanccolala. 
X  Thracia  depressa. 

Ehynchonella. 

Serpula  tricarinata. 


*  Geol.  N.  Llncolnphire,  pp.  99-101,  104^  See  also  J.  F.  Blake,  Quart.  Joam. 
Gtol.  Soc,  vol.  zzxi.  p.  209. 

t  Geol.  Lincoln,  p.  79. 

X  Quart.  Jonm.  Geol.  Soc.,  vol.  xly.  p.  566 ;  see  also  Ussher  and  othcn,  Gkol. 
Lincolo,  p.  79,  and  Geol.  N.  Lincolnsh,  p.  101. 
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Sussex  and  Kent 

In  the  Sub-Wealden  Boring  representatives  of  the  Corallian 
Beds  have  been  recognized  in  certain  strata  passed  through,  but 
it  is  not  possible  to  clearly  mark  off  their  limits.  They  come  in 
the  series  between  the  depths  of  1,325  and  1,806.  In  the  detailed 
account  of  the  boring  (p.  347)  1  have  limited  them  to  the  beds 
proved  from  1,565  to  1,806  feet — a  thickness  of  241  feet. 

Mr.  Topley  has  remarked  that  *'  The  ^  true  Coralline  Oolite/ 
17  feet  thick,  was  met  with  at  1,769  feet  from  the  surface."  Mr. 
Hudleston  was  inclined  to  regard  the  beds  at  from  1,330  feet  down- 
wards as  Corallian.  Gervillia  aviculoides  was  met  with  at  depths 
of  1,380  and  1,381  feet;  Ammonites  mutabilU  is  recorded,  by 
Mr.  Etheridge,  down  to  a  depth  of  1,662  feet*  These,  however 
may  belong  to  the  Kimeridgian  Beds. 

Pinna  lanceolata,  Trichites,  and  Rhynchonella  pinguis  are 
recorded  from  a  depth  of  1,656  feet  Distinctly  oolitic  limestones 
occur  in  the  lower  beds  at  depths  of  1,769  to  1,786  feet,  and 
again  between  1,865  and  1,880  feet  The  last-named  band  is 
grouped  with  the  Oxfordian  Beds.  I  am  indebted  to  Mr.  E. 
Crane  and  to  Mr.  B.  Lomax  for  showing  me  these  and  other 
specimens  in  the  Brighton  Museum.  A  sample  from  the  depth  of 
1,775  feet  was  shefly  oolite  with  Trigonia.  Specimens  from  a 
depth  of  1,587  feet  showed  somewhat  concretionary  calcareous 
sandstone. 

In  the  Dover  Boring  159  feet  of  strata  (between  the  depths 
of  610  and  769  feet)  are  assigned  to  the  Corallian  Beds,  by  Prof. 
Boyd  Dawkin?.    (See  p.  343.)     Higher  up,  (between  646  and  558 
feet)  there  was  found  a  bed  of  ironstone  1 2  feet  thick,  comparable 
with     that    of    Westbury     or    Abbotsbury.       Prof     Daw  kins 
remarks  *^  It  is  composed  of  small  dark  brown  shining  grains  of 
hydrated  oxide  of  iron,  like  millet  seed,  imbedded  in  a  base  partly 
composed  of  calcium   carbonate   and  partly  of  iron   carbonate. 
These  grains  are  oolitic  in  structure."     This  iron-ore  occurs  at  an 
horizon  more  than  60  feet  above  the  mass  of  oolite  with  Cidaris 
fiorigemma  and  Corals,  and  is  included  in  the  Kimeridge  Clay  by 
Prof.  Dawkins.      There  is  no  evidence  to  prove   its  particular 
palsontolo^cal  zone,   though   there  can  be  little  doubt  that  it 
belongs  to  beds  on  a  somewhat  higher  horizon  than  the  iron-ores 
of  Westbury  and  Abbotsbury. 

*  Dixon'a  Geology  of  Sussex,  ed.  2,  pp.  155, 159. 
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CHAPTER  VIII. 

UPPER  OOLITIC- 

KiMEBiDGE  Clay. 

(ElMEBIDGIAN.) 

General  Account  of  the  Strata. 

This  formation  derives  its  nama  from  the  village  of  Kimeridge, 
in  the  so-called  Isle  of  Purbeck,  the  dark  shales  and  cement- 
stones  of  which  it  consists^  being  well  shown  in  the  cliffs  of 
Kimeridge  Bay,  and  indeed  all  along  the  coast  between  Gad  Cliff 
and  St.  Albans  Head. 

The  term  "Kimeridge  Strata"  was  employed  in  1812  by 
Thomas  Webster,*  and  the  term  *'  Kimeridge  Clay  "  was  used  by 
Buckland  in  1818.  The  Kimeridge  Clay  consists  of  dark  grey 
and  black  shaly  clay,  with  much  selenite  in  places.  The  clay 
weathers  brown  at  the  surface.  The  beds  are  as  a  rule  darker, 
and  in  mass  more  shaly,  than  the  Oxford  Clay,  and  the  layers  of 
septaria  are  more  persistent  and  more  frequent.  Here  and  there 
the  shale  is  very  bituminous,  and  we  find  occasional  bands  of  pale 
and  somewhat  shaly  limestone :  but  there  are  no  marked  strati- 
graphical  divisions  in  the  Kimeridge  Clay.  It  varies  in  thick- 
ness from  over  1,200  feet  in  the  south  of  England  to  about  100 
feet  in  Oxfordshire.  It  is  one  of  the  most  persistent  formations 
in  this  country,  presenting  similar  lithological  characters  through- 
out its  extent  from  Dorsetshire  through  the  country  to  Lincoln- 
shire, and  to  the  Yorkshire  coast  bordering  the  Vale  of  Pickering 

It  is  a  marine  mud,  accumulated  in  the  English  area  too  far 
from  land  to  be  affected  by  coarse  detrital  material ;  for  we  see 
no  evidence  of  marginal  deposits.  In  Sutherlandshire  very  angular 
debris  is  commingled  with  the  shales  of  equivalent  age. 

The  Kimeridge  Olay  owes  its  dark  tint  partly  to  carbonaceous 
matter,  partly  to  bisulphide  of  iron.t  The  decomposition  of 
pyrites  by  atmospheric  agents  leads  to  the  formation  of  selenite, 
lime  being  present  in  the  clay  itself  as  well  as  in  the  fossils.  In 
some  cases  the  Oyster  shells  (O.  deltoided)  have  been  converted 
into  sulphate  of  lime,  as  noted  by  Dr.  Kidd,  at  Shotover.f  The 
decomposition  of  the  pyrites  leads  to  the  formation  of  limonite, 
wliich,  in  the  case  of  the  Headington  quarries  near  Shotover, 
is  washed  from  the  Kimeridge  Clay  on  to  the  Corallian  stone 
beneath.  § 

*  Englcfield's  Isle  of  Wight,  p.  187,  and  Map  (Plate  50). 

t  G.  Maw,  Quart.  Joum.  Geol.  Soc,  vol.  xxiv.  p.  357  ;  see  also  analysis  by  J.  D. 
Kendall,  Trans.  N.  of  £ng.,  Inst,  of  Mining  Engineers,  vol.  xxxv.  p.  156. 

J  Oatlines  of  Mineralogy,  1809,  vol.  i.  p.  68. 

§  See  Report  of  Excursion  of  Geologists'  Association  to  Oxford,  1869,  p.  6 
(separately  printed). 

£     82428.  L 
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Organic  Remains  and  Zones. 

Our  particular  knowledge  of  the  fauna  of  the  Kimeridge  Clay 
in  this  country  is  due  largely  to  the  researches  of  Prof.  J.  F. 
Blake.*  The  local  ranges  of  many  of  the  fossils  render  it  difficult. 
to  sub-divide  the  formation  into  zones  that  can  compare  with  those 
of  the  Lias.  As  remarked  by  Mr.  Hudleston  "There  is  no 
formation  in  the  whole  Jurassic  system  as  developed  in  England 
which  is  more  difficult  to  tabulate  or  understand  than  the 
Kimeridge  Clay"^ 

Oppel  included  in  his  Kimoridge  Group  three  zones,  in  ascendiiig^ 
order,  those  of  Astarte  supracorallina,  Pteroc^ra  oceanif  and  Trigonia 
gibhosa ;  thus  including  beds  that  in  this  country  would  be  grouped  on 
the  one  hand  as  Corallian  and  on  the  other  as  Portlandian.  His  zone  of 
Pterocera  oceani  included  the  main  mass  of  our  Kimeridge  Clay.J 
Excluding  the  Portlandian  portion,  the  following  palaBontological 
divisions  nave  been  also  suggested  by  Oppel  and  Waagen: — § 

A^nmonites  muiabilis 
and  £}.  vlrgula. 

A.  alternans  and 
Rhyiwhon^Ua  in- 
constans. 


JExogyra  virgula  (Virgulian) 


Clay. 


Pterocera  oceani  (Pterocerian) 


{ 


Astarte  sujpraooraXlhia  (Astartian). 


Strati gra])hically  the  beds  with  the  Astartian  fauna  belong  in  this 
country  mainly  to  the  Corallian  Beds,  although  Aatarte  stf^racorallina  is 
stated  by  T.  Koberts  to  be  abundant  in  the  Lower  Kimeridge  Bods  at  Ely.  || 
The  occurrence  in  the  Upper  Corallian  (so-called  Kimeridge  Grit)  of 
Osming(on,  of  Ammonites  mutahilis  and  RhyyicluyiieUa  inconstans  attests 
the  close  connexion  of  the  formations  ;  while  on  the  continent  Exogyni 
virgula  is  recorded  from  the  Astartian  beds  as  well  as  from  the  beds  above. 
Hence  these  species  do  not  well  lend  themselves  to  zonal  groupings. 
In  the  above  grouping  no  account  is  taken  of  our  higher  beds  of  Kimeridgc'^ 
Clay,  with  Ammonites  hiplcx,  Biscina  latissima,  and  Lingula  oralis. 

There  is  no  need  in  this  country  to  divide  the  Kimeridge  Clay 
into  more  than  two  zones  for  general  stratigraphical  purposes, 
and  these  are  intimately  blended.  The  zones  and  sub-zones  avv 
as  follows : — 


Zones. 

Sub-Zones. 

Ammonites  biplex. 

Discina  latissima. 

Exogyra  virgula. 

Ammonites  alternans. 

Ostrca  deltoidea. 

•  Quart.  Joum.  Geol.  Soc,  vol.  xxxi.  p.  196. 

t  Report  of  Sub-Committee  on  Classification,  Intemat.  Geol.  Congress,  1888, 
(reprint)  p.  101. 

J  Die  Juraformation,  pp.  724,  808. 

§  Versuch  ciner  allgemeinen  Classification  dcr  Schichtcn  des  obercn  Jura 
(Munich),  1865. 

II  The  Astartian  Beds  were  grouped  as  Corallian  by  D'Orbigny;  See  also  T. 
Robert<«,  Jurassic  liocks  of  Cambridge,  p.  69. 
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KiMBBIDOB    ClAT    SATJRIANS. 

Fig.  65. 


Fio.  65.  IchtbyoiiMirna  cntheciodoii,  HMe;  Centrum  of  dorsal  vertebra:  A. 
Section,  B.  Anterior  aspect,  C.  Left  lateral  aspect. 

Fig.  66.  Ic^thyoianru?  irigonus,  Owen  ;  Centrum  of  dorsal  Tertebra:  a.  Upper 
and  b.  Loner  costal  taberclc. 

Fio.  67.  Tootb  of  Gcoiauma  (Dscosaarus)  maziuiQS,  Plien. 
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The  Lower  Beds,  when  fully  developed,  are  about  400  feet 
thick^  and  consist  of  clays  and  d&xk  shales  with  layers  of  cement- 
stone  and  septavia.  They  yield  near  the  base  Ammonites  muta* 
dilis,  Ostrea  deltoideay  and  Rhynchonella  inconstans^  and  higher 
up  Ammonites  eudoxus,  A.  longispinus,  A.  altemans,  Exogyra 
nana,  E.  virgula^  Aptychus  {Tngonellites)  latusy  &c. 

The  Upper  Beds^  which  attain  a  thickness  of  600  or  650  feet 
in  places,  comprise  dark  bituminous  shales  and  paper  shales,  often 
with  white  compressed  shells,  with  many  layers  of  cement-stone 
and  septaria  in  the  lower  portion,  and  higher  up  occasional  bands 
of  pale  calcareous  shaly  rock;  they  merge  gradually  upwards 
into  the  Lower  Portland  Beds.  They  yield  Ammonites  biplex,  A. 
longispinus^  Cardium  striatulum^  Exogyra  virgula^  Liicina 
minuscula,  L,  lineata,  Thracia  depressa,  Discina  latissima, 
Lingula  ovaks,  &c. 

It  should  be  mentioned  that  forms  identided  slb '*  Ammonites 
biplex  "  range  from  the  Lower  Kimeridge  Clay  to  the  Portland 
Beds,  and  that  the  species  includes  several  mutations. 

Fossils  may  be  found  almost  everywhere  in  the  Kimeridge 
Clay,  where  the  formation  is  exposed,  not  only  in  the  shales,  but 
sometimes  in  the  cement-stones.  Occasionally  the  Mollusca  are 
partially  replaced  or  coated  by  iron-pyrites,  and  most  of  them  are 
delicate  and  brittle,  and  much  flattened,  as  is  usual  in  shale  that 
has  undergone  much  compression  from  strata  now  or  formerly 
overlying  it. 

Remains  of  a  Cetacean,  named  Paksocetus  Sedgwicki  by  Prof. 
Seeley,  were  obtained  from  the  Boalder  Clay  at  Ely,  and  it  has 
been  considered  that  this  fossil  may  have  been  derived  from  the 
Kimeridge  Clay.*  Many  Saurian  remains  are  found  in  the 
formation,  including  the  Dinosaurs  Omosaurus  and  Pelorosaurvs^ 
Crocodiles  such  as  Dacosaurus  and  Steneosaurus,  Omithosaurians 
(Pterodactyl),  also  Ichthyosaurus,  Pliosaurus^  and  CimoliosauruSy 
and  likewise  Chelonians. 

^  Among  Fishes  we  find  Aster  acanthus,  Gyrodus,  Ilybodus  and 
Lepidotus,  but  we  have  usually  to  be  content  with  the  discovery 
of  fin-spines,  palatal  teeth,  and  scales. 

The  commoner  Mollusca  and  Brachiopoda  are  noted  in  the 
accompanying  List.  Gasteropods  are  not  numerous,  but  they 
include  Alaria,  Cerithium,  Natica,  and  Pleurotomaria,  The 
Crustacea  include  PoUicipes.  Insects,  Echinoderms,  and  Corals 
are  rare.  Foraminifera  may  be  obtained  by  those  who  care  to 
wash  the  clay  and  extract  these  tiny  organisms  from  the  residue. 
Few  PJant-remains  are  to  be  found,  but  Mr.  G.  Murray  has 
described  a  fossil  Alga,  belonging  to  the  genus  Caulerpa,  which 
was  obtained  by  Damon  from  the  Kimeridge  Clay  of  Weymouth.f 
Another  specimen  (also  figured  by  Mr.  Murray)  was  found  at 
Weymouth  by  Mr.  H.  W.  Fuller,  and  presented  by  him  to  the 
Museum  of  Practical  Geology. 

*  Woods,  Catalogue  Tvpe  Fossils  in  Woodwardian  Museum,  1891,  p.  180. 
t  Phycological  Memoirs,  1892,  p.  11,  and  flate  v.  fig.   I  ;    See  also  Damon, 
Supplement  to  Geology  of  Weymouth,  Ed.  3,  1888,  Plate  xix.  figs.  12  end  12a. 
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KiMEBiDOE  Clat  Fossil". 
Fig.  68. 


':  Ammonitea  allemanB,  eon  Bfuh.  |. 

.  Oatrea  deltoidea,  Soto.  ].  i 

.   70.  Thraoia  dcpreaw.  Bote.  |. 
,   71.  Rhjmohonella  iaconstanB,  Sow.  1}. 
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KiMERiDOE  Clay  Fossils. 
Fig.  72.  Fig.  73. 


Tib.  72.  AmmoniteB  biplez,  Sow.  |. 

„  73.  eudoxuH,  d'Orb.  J. 

„  74.  Aptyohns  (Trigonellitee)  Istus,  Pari,  |. 

„  75.  Cardinm  atriatQltun,  Sotn.  Nat.  eiie, 

,,  76.  LuciuB  minaBcala,  Slake.  n«t.  size. 

„  77.  Aatarte  bartfwellensiB,  Sow.  i. 

„  78.  Exogjra  virgnla,  Defr.  Hat.  size. 

tt  79.  Lingnla  OTafio,  Bow.  Nat.  aize. 
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In  the  following  list  the  leading  fossils  of  the  Upper  and 
Lower  Kimeridge  Clay  are  enumerated,  and  the  records  show  how 
impossible  it  is  to  define  any  limits.  Ammonites  alternans  has 
been  regarded  ns  equivalent  to  A.  serraluSy  and  that  species  has 
been  considered  by  some  to  be  the  same  as  A.  cordatiis  var. 
cxcavatus  ;  it  is  well  to  bear  in  mind  that  at  any  rate  these  are 
closely  allied  forms. 

List  of  Common  and  Characteristic  Fossils  of  the  Kimeridge 

Clay, 

Lower  Beds.  Upper  Bedtf. 

Ammonites  alternans  (Fi^.  68)      -  -  1  - 

biplex  (Fig.  72)  -  -  -  -  2 

-  Callisto        -  -  -  -  1  - 

-  cymodoce    -  -  -  -  1  - 

-  decipiens      -  .  -  -  -  1  - 

-  eudoxus  (Fig.  73)  -  -  -  1  2 

-  longispinus  -  -  -  1  2 

-  mutabilis      -  -  -  -  1  - 

-  orthocera     -  -  -  -  1  - 

-  rotundas      ►  -  -  -  1  - 


Aptychus  (Trigonellites)  latus  (Fig.  74)   -  1  2 

Belemnites  Souichi            -  -  -  -  2 

Area  rhomboidalis             -  -  -  I  2 

Astarte  hartwellensis  (Fig.  77)      -  -  -  2 

lineata         -             -  -  -  1  2 

supracorallina           -  -  -  1  - 

Gardium  striatulum  (Fig.  75)  -  -  1  2 

Exogyra  nana  Fig.  34)     -  -  -  1  - 

virgyda  (Fig.  78)       -  -  -  1  2 

Lucina  minuscula  (Fig.  76)  -  -  -  2 

Nucula  Menkei    -             -  -  -  -  2 

Ostrea  deltoidea  (Fig.  69)  -  -  1 

Thracia  depressa  (Fig.  70)  -  -  J  2 

Discina  humphriesiana      -  -  -  -  2 

latissima      -             -  -  -  -  2 

Lingula  ovalis  (Fig.  79)  -  -  -  1  2 

Rhynchonella  inconstans  (Fig.  71)  -  i  - 

Serpula  intestinalis            -  -  -  1  - 

— —  tetragona     -            -  -  ►  1  2 
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CHAPTER  IX. 

KiMERiDGE  Clay. 
Local  Details, 

Dorset  Coast. 

The  Kimeridge  Clay  Is  well  exhibited  in  the  dark  cliffs  that 
extend  from  the  base  of  Gad  Cliff,  eastwards  by  Kimeridge  Bay 
to  the  foot  of  Emmit  Hill  and  St,  Alban's  Head.  At  both 
ends  of  these  cliffs  we  find  the  higher  beds  of  Kimeridge  Clay 
merging  upwards  through  dark  sandy  clays  into  the  Lower 
Portland  Beds,  The  general  structure  presented  to  view  is  that 
of  a  gentle  anticline,  the  denuded  summit  of  which,  in  Kimeridge 
Bay,  does  not  reveal  the  lowest  beds  of  the  Kimeridge  Clay.  In 
these  cliffs  therefore  we  can  study  only  a  portion  of  the  formation. 
It  comprises  beds  of  black  iron-stained  shales  with  layers  of  cement- 
stone  or  septaria,  and  bituminous  shales,  one  layer  being  the  well- 
known  "  Kimeridge  Coal."  The  beds  stretch  along  the  foreshore 
in  a  series  of  broad  and  slippery  pavements.  The  cement-stones 
where  they  occur  near  the  sea-level  form  the  platform  of  Broad  Bench 
and  the  Kimeridge  Ledges,  which  serve  partially  to  protect  the 
coast-line,  and  indeed  account  for  the  irregularities  which  form  the 
bay.  Tumbled  blocks  and  rolled  pebbles  of  the  septaria  are  scattered 
along  the  beach,  while  the  crumbling  away  of  small  portions  of 
the  shale  above  occasionally  reminds  the  pedestrian  in  an  un- 
comfortable manner  of  the  waste  of  the  cliffs  by  meteoric  agencies. 
Springs  issue  at  numerous  points  along  the  cliff,  and  an  occasional 
stream  descends  in  the  form  of  a  cascade.  The  strata  are  displaced 
by  numerous  faults,  doubtless  produced  during  the  upheaval  of 
the  strata ;  hence  it  is  difficult  at  first  to  form  any  estimate  of 
their  thickness,  although  in  many  places  the  amount  of  throw 
may  be  calculated  from  the  displacement  of  particular  bands  of 
cement-stone.^  Prof.  J.  F.  Blake  has  estimated  that  the  upper 
beds  of  the  Kimeridge  Clay  exposed  near  Kimeridge  attain  a 
thickness  of  650  feet  ;t  and  this  does  not  differ  materially  from 
the  estimate  made  recently  by  Mr.  A.  Strahan. 

The  Kimeridge  Clay  at  the  base  of  St.  Alban's  Head  and 
Emmit  Hill  is  almost  entirely  concealed  by  tumbled  masses  of 
Portland  Rocks.  We  find  the  first  good  exposures  of  the  beds  at 
Chapman's  Pool,  a  bay  at  the  foot  of  Renscombe.  Here  the  black 
and  rudely  laminated  shales  dip  gently  to  the  south-east,  and 
they  are  seen  in  the  cliff  and  in  the  ravine  through  which  a  stream 
fiows  to  sea  over  ledges  of  the  shales.     This  is  a  noted  locality  for 


♦  Some  of  the  faults  have  lately  been  figured  by  Mr.  Mansel-Plcydell,  Proc. 
Bonet  Nat.  Ilist.  Club,  vol.  xr.  p.  172. 
t  Quart.  Joum.  G^eol.  Soc.,  yoI.  xxzi.  p.  198. 
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fouib,  and  we  may  find  mnoy  Ammonites,  Rome  of  tliem  pyrilic. 
The  followiog  species  were  collected  by  Mr.  J.  Rhodes  :- 

Fish  remains.  I 

Ammonitea  biplex.  I 

CoccoteutliiH."  I 

Ai-ca.  I 

Antarte  liaeata.  ^  i 

Aricula.  | 


Cardium  titn&tulum, 
Ostrea  darinscala. 
Fecten  leni  var.  Morini. 
DiBCina  iatixBimo. 
Bhynchonella. 
Cidaria  (spine). 


Fig.  80. 

VUff  of  Kimendge  Clay  and  "  Coal  Korking*  "  at  Kimeridge. 

(From  a  photograph  by  A.  Stbahak). 


To  the  above  list  may  be  added  lielemnites  Smiichi,  recorded  by 
Prof.  Blake.  He  gives  a  detailed  sectioo  ehowinr;  651  feet  of 
strata  extending  from  Chapman's  Pool  to  Hen  Cliff.t 

Westwards  by  the  Kncombe  Cascade,  and  under  Swyre  Head 
the  cliffs  exhV)it  n  thick  mass  of  shales,  without  hard  bands, 
excepting  only  a  layer  of  banded  greyisli-bro^vu  stone,  weathering 
white,  which  appears  near  the  top  of  the  cliff  east  of  the 
Kimerid^e  "coal-works,"  and  descends  to  the  ehoie  near  the 
gap  at  Encombe.  Bands  of  this  character,  sometimes  3  feRl  thick, 
may  be  seen  also  at  Oad  Clilf  and  Ringstead  Bay,  and  they  were 
noted  by  ]''ittonJ  who  mentions  that  they  are  locally  called 
"White  Lias,"  which  to  some  extent  they  resemble,  although  tliey 
cannot  be  considered  as  limestones.  A  bed  of  cement-stone:* 
occurs  at  the  base  of  these  shales,  below  w  hich  the  more  bitu- 
minous beds  outcrop,  passing  beneath  the  sea-level  to  the  east  of 

•  First  fouDd  by  W.  H.  Krwlie,  Qimtt.  Jouru.  Geot.  Soc,  vol,  li.  |i.  124. 

t  /bid.,  vol.  XXXI.  [I.  \0». 

j  TniDS.  Geol.  Soc,  ser.  3,  vol.  iv.  p.  a!3. 
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the  coal-works.  These  bituminous  shales  are  seen  in  the  cliffs  of 
Little  Kimeridge,  where  they  have  been  worked  for  various  eoonomic 
purposes.     (See  p.  329.) 

The  best  bed  or  '^  Black -stone,"  is  a  dense  shale  about  2  feet 
thick  that  occurs  near  the  middle  of  the  workingR.  It  contains 
grey  pyritic  nodules  ;  and  is  overlaid  by  4  feet  6  ins.  of  clay, 
and  again  by  about  16  feet  of  more  or  less  bituminous  shale  and 
soil.  From  the  shale  above  it,  Mr.  Rhodes  obtained  Fish-remains, 
Litton'na,  Astarte  my  sis  y  Cardium  striatulumy  Lingula  oralis  and 
Serprda ;  and  from  the  Black-stone,  Ammonites  biplexy  Ostrea 
Iceviusculay  and  Discina  lalissima,     (See  Fig.  80,  p.  159.) 

Westwards  at  Hen  Cliff,  we  find  alternations  of  black  and  iron- 
stained  shales,  having  a  zig-zag  appearance  due  to  the  rusty 
joint-faces  that  are  exposed.  Here  and  there  alum  crystals 
produce  a  white  efflorescence,  and  there  are  four  conspicuous 
bands  of  cement-stone,  more  or  less  continuous,  and  from  8  inches 
to  1  foot  in  thickness.  Small  cement-stones  also  occur  here  and 
there  in  the  shales.  The  dip  here  is  about  4*^  E.N.E.  From  the 
shales  at  the  base  of  Hen  Cliff,  Mr.  Ehodes  obtained  Fish-remains, 
Ammonites  biplex,  Astarte,  Cardium  striatulumy  Exogyra  virguhiy 
Lucina  minusculay  Ostrea  duriusculay  O.  Iceviuscula,  and  Discina 
latissima.  Prof.  Blake  records,  in  addition  to  some  of  these  species, 
Ammonites  Thurmanniy  TrigonelliteSy  Astarte  lineatay  and  Area.* 
On  the  eastern  side  of  Kimeridge  Bay  the  lower  beds  exposed 
on  this  portion  of  the  coast  are  to  be  seen ;  the  beds  consist  of 
dark  bluish-grey  shale  and  paper-shale,  more  or  less  iron-stained, 
dipping  at  a  low  angle  to  the  south-east.  Here  Mr.  Khodes 
obtained  Fish-remains,  Coprolifees,  Ammonites  eudoxusy  Cardium 
striatulumy  Corbula,  Ostrea  duriusculay  and  Lingula  ovalis. 

On  the  north-western  side  of  the  Bay,  the  beds  contain  much 
pyrites,  and  the  Ammonites  {A.  biplex)  are  pyritic.  They  appear 
to  be  on  a  higher  horizon  than  the  beds  seen  south-east  and  south- 
west of  the  bay. 

On  the  west  side  of  the  Bay  we  find  shales  with  cement-stones 
and  septaria  dipping  westwards,  and  the  fossils  correspond 
generally  with  those  found  on  the  eastern  side  of  the  Bay.  The 
strata,  however,  are  faulted,  and  as  Prof.  Blake  remarks  '*  the 
continuation  of  the  beds  is  not  distinct." 

From  the  shales  at  Broad  Bench,  Mr.  Rhodes  obtained  the 
following  fossils  : — 

Fish-remains.  Avicula  inaequivalvis. 

Ammonites  biplex.  Cardium  striatulnm. 

eudoxus.  Corbula. 

' Kapffi.  Cyprina  P 

longispinus.  Exogyra  vkgala. 

Coccoteuthis  latipennis.  Hinnites. 

Aptychus  (Trigonellites)  latus.  Lucina. 

Alaria.  •  Oscrea  darioscula. 

Area  Jongipunctata.  Pecten  lens  var,  Morini? 

Astarte  lineata.  Lingula  ovalis. 

Many  fine  Saurian  remains  have  been  obtained  by  Mr.  J.  C. 
Mansel-Pleydell  from  the  Kimeridge  Clay  of  Kimeridge.     In  the 

*  Quart.  Journ.  Geol.  Soc,  vol,  xxxi.  p.  199. 
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Dorchester  Museum  there  is  a  gigantic  humerus  and  a  complete 
paddle  of  Pliosaurus  ffrandis,  the  latter  measuring  more  than 
6  feet  in  length.  Two  species  of  Pterodactyl  have  also  been 
obtained,  Pterodactylus  Manseli,  and  P.  Pleydellu* 

Proceeding  towards  Gad  Cliff  we  find  the  higher  beds  of 
Kimeridge  Clay  much  obscured  by  slipped  material.  Towards 
the  upper  part  of  the  clay  there  is  a  hard  band  of  calcareous  sandy 
shale  (3  or  4  feet  thick)  weathering  white,  and  with  impersistent 
partings  of  black  shale;  and  15  or  20  feet  lower  down  there  are 
two  bands  of  sandy  shale,  each  about  3  inches  in  thickness,  and 
these  also  weather  white,  and  they  are  separated  by  3  inches  of 
dark  sandy  shale  with  iron-pyrites. 

The  uppermost  portion  of  the  Kimeridge  Clay  is  a  pale-grey 
clay  that  passes  downwards  into  dark  blue  clay  and  shale,  and 
paper-shale,  with  small  cement-stones.  Some  Saurian  remains 
occur  here,  together  with  Ammonites  bipkx,  &c. 

A  band  that  represents  the  Black-stone  was  observed  in 
Brandy  Bay  by  Mr.  Strahan,  it  is  a  shaly  coal  with  nodules,  about 
2  feet  thick ;  and  it  occurs  beneath  the  thick  white  bed. 

Coming  to  Ringstead  Bay  we  find  a  fine  exhibition  of  the 
Portland  Beds  and  Kimeridge  Clay  in  Holworth  Cliff,  to  the 
west  of  White  Nore.  The  section  is,  however,  not  sufficiently 
clear  to  admit  of  detailed  measurements.  Towards  the  upper 
part  of  the  Clay,  as  at  Gad  Cliff,  there  is  a  layer  of  white,  fissile, 
shaly,  calcareous  rock  2  feet  thick,  with  intercalated  band  of 
shale.  This  was  noticed  by  the  Rev.  P.  B.  Brodie  who  obtained 
Fish-remains  {Hyhodus)  from  it,  and  found  the  elytron  of  a 
Beetle  in  the  beds  below.j  Thin  bands  of  flaggy  and  sandy  shale 
may  be  traced  here  and  there  both  above  and  below  this  white 
rock,  and  Fish-remains  occur  in  them. 

Shales  and  cement-stones,  the  latter  in  isolated  nodules  or  in 
persistent  bands,  form  the  mass  of  the  Kimeridge  Clay  in  this 
cliff.  Saurian  and  Fish-remains  occur,  and  Lucina  minuscula  and 
other  bivalves  may  be  found  in  the  shales.  Ammonites  biplez 
is  not  uncommon.  Prof.  Blake  has  recorded  from  lower  b«ds 
Ammtmites  cymodoce,  Exogyra  nana,  E.  viryula,  Thracia  deprtssa, 
Lingula  ovalis,  and  many  other  fossils. :( 

The  lowest  beds  of  the  Kimeridge  Clay  are  well  shown  further 
west  in  the  low  cliffs  near  the  boat-house.  By  the  plantation  on 
the  west   side  of  that  building  the   following  succession  was 

observed: —  Ft.  In.  Ft.Ih. 

I^Blne    clays,    &c.,   with    IchthyosawruB^ 
Lower      I     ■^'^'*'^»  Cardiumf  Exogyra  virgula* 
TTi^^^A^^J  Oyster-bed,      gritty     limestone     with 


Clay. 


Exoygra  nana,  Serpula,  &c 
Clays  with  Ostrea  dettoidea,  Bhynchondla 
.     inconstans,  &c.  -  -  -  -30  or  40 

OoraUian      P^??^  J™?""^"'.  "andy  limestpne, 
■Ro/ia  S      ^^^o.  Outans  fiortgemma,  &c.  (Kime- 

^^°°'  L    ridge  Grit  of  Damon,  see  p.  84)  -    0     6  to  0    9 

*  Proc.  Dorset  Nat.  Hist.  Clab,  vol.  i.  p.  2. 
t  Quart.  Joum.  Geol.  Soc,  toL  ix.  p.  52. 
X  Ibid.,  vol.  xxzi.  p.  212. 
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Prof.  Blake  mentions  a  band  with  Trigonia  Meriani  on  top 
of  the  **  Kimeridge  Grit,"  which  he  includes  in  the  "  Kimeridge 
Passage-beds."* 

The  Kimeridge  Clay  is  well  shown  in  the  cliffs  of  Black  Head 
west  of  Osmington^  and  thence  the  beds  extend  inland  by  Upway 
to  Portisham  and  Abbotsbury. 

A  shaft  sunk  by  W,  Manfield  a  little  north-east  of  Portisham 
railway-station,  was  carried  to  a  depth  of  over  300  feet  in  the 
Kimeridge  Clay.  Several  beds  of  bituminous  shale  were  met 
with,  including  a  layer  of  *^  coal  "18  inches  thick  (perhaps  the 
equivalent  of  the  Black-stone  of  Kimeridge),  at  a  depth  of  135 
feet  6  inches. 

South  of  Weymouth  the  Kimeridge  Clay  is  exposed  in  low 
cliffs  by  the  railway,  dipping  gently  towards  Portland.  It  consists 
of  dark  slaty  shales,  rusty  in  places,  with  selenite  and  numerous 
bivalves  and  Ammonites ;  and  layers  of  white  shelly  matter  occur 
here,  as  in  Kimeridge  Bay  and  other  places.  There  are  two  or 
more  bands  of  septaria,  isolated  oval  masses,  with  shells.  Towards 
the  base  of  the  clay,  thin  reddish-brown  ironstone  layers  occur,  and 
lower  still  a  band  (18  inches)  of  ironstone  with  nodules  of  pale 
buff  compact  cement-stone.  Ostrea  deltoidea,  Exogyra  nana^  and 
Scrpula  intestinaltSy  are  abundant.  Corhula  and  Serpula  variabilis 
also  occur.  Here  and  there  remnants  of  burnt  shale  may  be 
found,  perhaps  due  to  some  ^'  spontaneous  "  ignition  of  the  shales. 
(See  p.  331.) 

The  day  forms  the  anchorage-ground  at  Portland,  and  lies  at 
the  base  of  portions  of  the  Chesil  Beach.  Patches  of  blue  clay 
have  at  times  been  observed  when  the  beach  has  been  scoured 
away  during  violent  storms. 

Vale  of  Shaftesbury. 

North  of  the  Weymouth  area  the  Kimeridge  Clay  is  concealed 
for  some  distance  by  the  overlap  of  Cretaceous  Rocks.  It 
reappears  on  the  northern  side  of  the  Dorsetshire  Downs  to  the 
north-e&st  of  Ceme  Abbas.  It  is,  however,  rarely  exposed  to  any 
depth  in  the  vale  that  extends  from  Buckland  Newton  by 
Gillingham  to  Tisbury  and  Mere.  The  clay  here  forms  an 
undulating  country  with  here  and  there  gravelly  patches,  formed 
of  detritus  from  the  Chalk  and  Greensand.  Brickyards  have 
been  opened  at  Gold  Hill,  near  Child  Okeford,  and  to  the  west 
of  Shi^sbury.t  Those  at  Okeford  Fitzpaine  and  near  Iwerne 
are  in  the  Gault,  as  ascertained  by  Mr.  Jukes-Browne.  The 
junction  with  the  Corallian  Bock^  is  to  be  seen  in  a  lane-cutting 
near  Hole  west  of  Piddle's  Wood,  south  of  Sturminster  Newton, 
and  dark  shales  are  exposed  near  Anger's  Farm,  on  the  high 
road  between  Sturminster  and  Shilling  Okeford. 

The  Kimeridge  Clay  is  exposed  in  several  of  the  railway- 
cuttings  east  and  west  of  Semley  between  Tisbury  and  Gillingham. 

*  Quart  JooTD.  G^l.  Soc,  voL  zxxi.  p.  218. 

t  See  Fittoo,  Trans.  Geol.  Soc.,  ser.  8,  yol.  iv.  p.  256. 
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West  of  Semley  a  cutting  showed  dark  shales,  grey  on  top,  with 
selenite  and  fragments  of  lignite.  Thracia  depressa  was  obtained 
by  Fitton,  west  of  Shaftesbury,  but  few  fossils  have  been  recorded 
from  the  district.  To  the  west  of  Gillingham,  Station  a  brick- 
yard exposed  about  10  feet  of  clay,  bluish  at  the  base  and 
weathering  brown  towards  the  surface.  Septaria  and  shelly 
cement-stones  occur.  Ferruginous  and  rotten  specimens  of  Ostrea 
deltoidea  are  not  uncommon  ;  there  also  occur  Belemnites^  Modiola, 
PholadomyUy  Rhynchmiella  inconstans^  Serpuluy  and  Saurian  bones.* 
Remains  of  Ophthalmosaurus  Pleydelli^  described  by  Mr. 
Lydekker^  were  obtained  here.  Red  bricks,  tiles,  and  drain- 
pipes are  manufactured. 

Mere,  Westbury^  and  Seend. 

Between  Mere  and  Westbury^  where  the  Cretaceous  Rocks 
again  overlap,  there  is  no  evidence  of  any  exposure  of  Kimeridge 
Clay — the  tracts  so  shown  on  the  Geological  Survey  Map  near 
Stourton  and  to  the  west  of  Penzlewood  may  be  partly  Oxford 
Clay  and  partly  Gault,t  and  that  in  Longleat  Park  is  now 
known  from  the  observations  of  Mr.  Jukes-Browne  to  be  Gault. 

At  Westbury  the  bottom  beds  of  the  Kimeridge  Clay,  with 
Ostrea  deltoidea,  rest  on  the  Ironstone  of  the  Upper  Corallian 
Series.  (See  p.  108.)  Some  Foraminifera  were  obtained  from 
specimens  of  day  collected  by  the  Rev.  H.  H.  Win  wood.  J 

A  boring  for  the  Frome  waterworks  at  Upper  Whitbome, 
south-east  of  Corsley,  reached  *' dark  sandy  clay  "  at  a  depth  of 
200  feet  6  inches,  and  was  carried  in  it  to  a  further  depth  of  13  feet, 
but  no  actual  evidence  of  the  age  of  this  clay  was  obtained.  In 
lithological  character  this  clay  resembles  the  upper  beds  of 
Kimeridge  Clay  of  the  neighbourhood  of  Pottenie. 

Immediately  underlying  the  Lower  Greensand,  near  the  Iron- 
works at  Seend,  there  is  a  very  tenacious  grey  clay,  seen  to  a  depth 
of  3  feet.§  Mr.  William  Cunnington,  in  describing  the  Kimeridge 
Clay  at  Seend,  observed  septaria  bored  by  lithodomus  shells  of 
the  Lower  Greensand,  which  rests  unconibrmably  on  the  Kimeridge 
Clay.  He  noted  the  occurrence  of  Ostrea  deltoidea,  and  various 
Ammonites,  as  well  as  Saurian  remains  in  this  clay.  ||  The  deltoid 
oyster  was  originallv  found  in  the  canal-cutting  near  Seend  by 
William  Smith,  ifere  we  have  only  the  lower  portion  of  the 
Kimeridge  Clay.  Dark  blue  clay  with  septaria  was  exposed  in  a 
brickyard  north  of  Coulston.  The  only  fossils  found  were 
Foraminifera,  obtained  by  Prof.  Rupert  Jones  and  Mr.  Sherborn 
from  specimens  of  the  clay  forwarded  to  them.ir  The  clay  belongs 
to  the  Upper  Kimeridge  Clay,  and  this  portion  of  the  formation 
was  ^hown  in  brickyards   south-east  of  Worton   and   between 

*  Some  specimens  from  this  locality  are  preserved  in  the  Museum  of  the  Sherborne 
Grammar  School. 

t  See  also  Fitton,  Trans.  Geol.  Soc.  ser.  2,  vol.  iv.  p.  257. 

i  Jones  and  Sherborn,  Geol.  Mag.  1886,  p.  272. 

§  No  microzoa  were  found  in  samples  of  this  clay  Tvhich  X  sent  to  Prof.  Jones,  see 
Jones  and  Sherborn,  Geol.  Mag.,  188G,  p.  272. 

II  Quart.  Joum.  Geol.  Soc.,  voL  vi.  p.  453. 

f  Op.  cit.,  p.  272. 
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Potterne  and  Dues  Water.  At  the  Worton  brickyard  about  15 
feet  of  slaty-grey  loam  was  overlaid  by  bluish-grey  loamy  clay, 
with  ferruginous  and  sandy  layers  near  the  top.  The  brickyard 
south  of  Potterne  showed  about  23  feet  of  blue  sandy  and  slightly 
calcareous  clay  with  fragile  shells,  Exogyray  Ostreay  &c.  In  this 
neighbourhood  we  come  upon  the  passage-beds  which  lead  upwards 
into  the  Portland  formation. 

Calney  Wootton  Bassett,  and  Swindon, 

At  Rowde,  north-west  of  Devizes,  the  Kimeridge  Clay  is  again 
-overlapped  by  Cretaceous  deposits,  but  it  reappears  near  Calne 
and  forms  a  belt  at  the  foot  of  the  North  Wiltsliire  Downs.  Prof. 
Blake  has  recorded  a  number  of  fossils  from  the  deep  railway- 
cutting  between  Wootton  Bassett  and  Swindon.  Among  these 
foseils  were  Ammonites  decipiens,  Thracia  depressa,  Rhynchonella 
inconsiansy  ha*  Sections  unfortunately  are  scarce  untU  we  come 
to  Swindon,  where  the  beds  have  been  extensiyely  worked  for 
brickmaking. 

Prof.  Hull  remarks  that  in  this  area  **  towards  the  top,  nodules 
of  argillaceous  limestone  occur  in  layers,  as  well  as  sandy  marl- 
stone  with  Ammonites  biplexy  in  which  the  nacreous  lustre  is  well 

preserved."t 

A  well-boring  at  the  Beaufort  Brewery,  Wootton  Bassett, 
proved  a  thickness  of  84  feet  of  Kimeridge  ('lay  before  the 
Corallian  rocks  were  reached.  Some  fossils  obtained  from  the 
boring,  forwarded  for  examination  by  Mr.  Howard  Horsell,  were 
identified  by  Mr.  G.  Sharman,  as  follows :  Ammonites  mntabilis, 
InoceramiiSy  Ostrea  deltoidea,  O,  IcBviuscula,  and  Pholadomya 
IcBviuscula. 

The  total  thickness  of  the  Kimeridge  Clay  near  Swindon  was 
estimated  at  300  feet  by  Prof.  Hull, J  and  I  think  this  estimate 
may  be  considered  as  approximately  correct.  There  and  at 
Bourton  to  the  north-east  we  have  the  Portland  Beds  on  top  in 
conformable  succession,  and  thus  the  Kimeridge  Clay  is  less  than 
one-third  of  the  thicknesa^  it  attains  in  Dorsetshire. 

Along  the  Midland  and  South- Western  Junction  Railway,  to 
the  south-west  of  North  Lanes,  a  cutting  showed  brown  and 
grey  clay  with  septaria^  yielding  many  specimens  of  Ostrea 
deltoidea^  also  Exogyra  virgula,  E,  nana,  and  Serpula  tricarinata. 
Above  the  Kimeridge  Clay  there  was  in  places,  a  thin  gravelly 
Boily  with  chalk-flints  and  oolitic  detritus.  Further  north  there 
was  a  shallow  cutting  in  clay,  with  a  clayey  soil,  containing 
flints. 

The  upper  and,  perhaps,  portions  of  the  lower  beds  of  the 
Kimeridge  Clay  are  shown  at  the  Swindon  brick  and  tile-yards, 
north  of  Old  Swindon.  There  we  see  a  thickness  of  about 
25  feet  of  blue  shaly  clay,  racy  near  the  top,  with  septaria  and 
selenite.  Many  large  iridescent  Ammonites  occur,  as  at  Brill 
and  Market  B.ascn.     Remains  of  Ichthyosaums^  Cetiosaurus,  and 

*  Quart.  Journ.  Geol.  Soc.,  yol.  xxxi.  pp.  212, 215  ;  see  alio  p.  200. 
t  Geol.,  parts  of  Wilts,  &c,,  p.  23. 
X  Explan.  Hor.  Sec.,  Sheet  59,  p.  2. 
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Omosaurus  have  been  obtained^  and  Mr.  Rhodes  and  myself 
collected  many  of  the  following  fossils^  some  of  which  have  also 
been  recorded  by  Prof.  Blake  : — * 


Ammonites  biplex. 
Aptychus  latus. 
Dentalinm  Qaenst^dti. 
Astarte  ovata. 

sapracorallina. 


Exogyra  nana, 
virgnla. 


OBtrea  deltoidea. 
Thracia  depressa. 
Trigonia. 
Cardium  striatnlum. 

The  remains  of  Omosaurus  were  obtained  in  1874  throush 
Mr.  J.  K.  Shopland,  and  were  described  by  Sir  R.  Owen.f  The 
humerus  of  this  Dinosaur  measured  2  feet  9  inches  in  length. 

In  the  deep  well  at  Swindon,  made  by  the  Great  Western 
Railway  Co.  at  the  western  end  of  their  works,  the  following  beds 
of  Kimeridge  Clay  were  proved : — %  Ft.   In. 

Made  ground  -  -  -  -        8      0 

"Bluish-grey  clay,  with  Ammonites,  Bclem- 

nites,  &c.  -  -  -  -  - 

Pale  grey  shelly  limestone,  with   Ostrea 

deltoidea    -  -  -  -  - 

Grey  and  brown  earthy  limestone,  with 

patches  of  iron-shot  grains 
Hard  brown  calcareous  muddy  clay 
Bluish-grey  shelly  clay       -  -  - 

Mr.  E.  T.  Newton  states  that  from  8  feet  to  72  feet,  Kimeridge  Clay 
was  passed  through,  but  only  a  few  fossils  were  collected ;  thus  between 
10  feet  and  16  feet  lihynchonella  inconstans,  Avfunionitea  cordatus,  and 
Osirea  deltoidea,  were  noticed  ;  at  45  feet  Astarte  and  Thracia  depressa, 
and  from  45  feet  to  52  feet  Belemnites  wore  met  with. 

The  earthy  limestono-bed  with  iron-shot  grains,  between  50  feet  and 
50}  feet,  yielded  the  following  fossils  (see  p.  118) : — 


Kimeridge 
Clay.      "^ 


42      0 
0      1 


0 

6 

2 

0 

19 

6 

Ammonites  cordatus,  var.  ex- 
cavatus  (=  A.  serratus). 

—  rotundus. 

—  varicostatus. 


Myacites  recuiTUS. 
Ostrea  deltoidea. 
Pecten  lens  ? 
Perna. 
Pholadomya  protei  P 


Astarte. 

The  occurrence  of  Am,  cordatw  is  noteworthy  ;  it  is,  however,  recorded 
from  the  Lower  Kimeridge  Clay  of  Yorkshire.! 

Further  reference  to  well-borings  at  Swindon  is  made  in  the  chapter  on 
Water-supply  (p.  336). 

Faringdon  to  Abingdon  and  Culham. 

In  Oxfordshire  and  Berkshire  the  following  succession  may  be 
traced  in  the  Kimeridge  Clay : — 

Bluish-grey     clay,     with     earthy  fAmmomtes  biplex. 
limestone  nodules  and  septaria, 
merging  upwards  into  sanay  clay  < 
of  t^e  Portlandian  Beds  (Hart- 


well  Clay.  Ac.)  about  40  feet  [  SS  huSriesiaim. 

ApLyohus  latus. 
Astarte  lineata. 
Clays    and    shales,   with    septaria,  J  Exogyra  virgula. 
about  60  feet.  \  Lingula  oralis. 

Ostrea  deltoidea. 
Ehynchonella  inconstans. 


Astarte  hartwellensis. 
Cardium  striatulum. 
Perna. 


*  Quart.  Joum.  Gcol.  Soc,  vol.  xxxi.  p.  211  ;  see  also  J.  Buckman,  I  bid.,  vol.  xiv. 
p.  127. 

t  Mesozoic  Reptilia  (Palseontogr.  Soc),  Part  2,  p.  45. 

X  Qaart.  J  earn.  Gcol.  Soc.,  vol.  xlii.  pp.  288,  291. 

§  Blake,  Ibid.,  vol.  xxxi.  p.  218  ;  Fox-Strangwajs,  Jurassic  Bocks  of  Torkshirt, 
vol.  ii.  p.  238. 
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Near  Woolstone,  south  of  Faringdon,  Prof.  Hull  reckoned  that 
l!he  Kimeridge  Clay  had  a  thickness  of  nearly  300  feet  ;*  but  in 
the  neighbourhood  of  Oxford  the  thickness  does  not  exceed 
100  feet. 

The  base  of  the  Kimeridge  Clay  has  been  exposed  in  a  brickyard 
east  of  Faringdon,  but  we  have  few  records  of  the  strata  in  the  area 
extending  by  Stanford-in-the-Vale,  Denchworth,  and  Drayton  to 
Abingdon. 

At  Cumner,  where  the  Lower  Greensand  rests  unconformably 
on  the  Kimeridge  Clay,  the  thickness  of  the  Clay  was  estimated 
at  70  or  80  feet  by  Prof.  Prestwich.  At  the  Chawley  brickyard 
north  of  Cumner  Hurst,  the  following  section  was  to  be  seen,  the, 
details  of  the  lower  beds,  which  were  not  exposed  at  the  time  of 
my  visit,  and  the  lists  of  fossils,  being  given  on  the  authority  of 
Prof.  Prestwich : — 


Lower 
Q-roensand. 


Kimeridge 
Clay. 


Coarse  brown  false-bedded  quartzose 
sand,  with  conci'etionary  ironstone    - 

Pale  grey  sandy  clay      -  -  - 

Dark  blnish-grey  slightly  calcareons 
clay,  with  greouish  sandy  seams, 
noanles  of  earthy  limestone,  and 
larce  septaria  with  Ammonites  hiplex 
and  lignite       -  .  .  . 

Clay,  with  band  of  fossils,  yielding 
*'  Plesiosaurus,'*  Am.  hiplex,  PleurO' 
Urinaria  reticulata,  Astartj,  Cardium 
striatulum,  Lima,  Modiola  hipaHita, 
Myacitea  recurvus,  Pecten  nvteacens, 
Pema  myiiloides,  Pinna  lanceolata,  * 
Thracia  depreasa,  Trigonia,  and 
Serpula  tetragona        -  .  - 

Seam  of  clay  laminated  with  whito 
sand  (Ignanodon-bed),  with  Oampto- 
saurus  (Igitanodon)  Prestwichi,  Ap- 
iyehua  laiue,  Pleurotomaria,  Astwrte, 
Exogyra  virgula  (abundant)  Trigonia, 
LingvXa  ovcUis  ... 

Clay  with  large  septaria,  with  jDa^o- 
saurus,  iGhthyosaunis,  Pliosaurvs, 
Aaiarte  (Lucina)  linea4a 


Ft.    In. 


12 
2 


0 
0 


18      0 


14      0 


0 


0 


The  discovery  of  Iguanodon  was  announced  in  1879  by  Prof. 
Prestwich,  and  it  was  thought  that  the  entire  skeleton  was 
probably  present.  The  species  ivas  named  by  J,  W,  Hulke,  and  it 
was  considered  to  be  the  earliest  record  of  the  genus  :  it  is  now 
regarded  as  Camptosaurus, 

Prof.  Prestwich  has  observed  in  reference  to  the  Kimeridge 
Clay  near  Oxford,  "  The  presence  of  drifted  wood  and  of  the 
Iguanodon  in  the  Kimeridge  Clay  of  this  district,  and  of  largo 
Dinosaurs  at  Swindon,  together  with  the  great  thinning  of  this 
formation  as  it  trends  to  the  south- west>  render  it  probable  that 
land  in  that  direction  was  not  far  distant^  and  that  that  land  may 
have  been  the  same  as  that  of  the  proximity,  of  which  we  have 
more  distant  evidence  in  the  many  quartz,  slate,  and  metamorphic 
rock-pebbles  present  in  the  Lower  Greensand  of  Faringdon,  a 


*  Ezplan.  of  Hor.  Sec,  Sheet  72,  p.  7. 
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deposit  evidently  formed  near  an  old  shore.     This  land,  since 

submerged  and  covered  by  upper  Cretaceous  strata,  was  in  all 

probability  the  prolongation  of  the  old  axis  of  the  Mendip  and 

Ardennes,  the  elevation  of  which    took   place  in   Permian  or 

Triassic  times."*     It  seems  to  me  that  the  present  state  of  the 

evidence  indicates  land  to  the  south,  south-east,  and  east,  rather 

than  to  the  south-west. 

In  the  brickyard  east  of  Culbam,  and  south-east  of  Abingdon 

we  have  a  section  which  shows  some  of  the  higher  beds  of  the 

Kimeridge  Clay.     The  section  was  as  follows  : — 

Ft.   In. 
Valley  gravel. 

fGrey    marly    and    shaly    clay    with 

j     ferruginous    stains,    passing    down 

Gaolt  -  -  -^     into    sandy    calcareous    clay,    with 

I      pebbles  of  quartz,   &c.,    and  small 
L     phosphatio  nodules     -  -  •    24      0 

jlrregular  band  of  greenish  grey  earthy 
(     limestone        -  -  -    0      3  to  0      6 

Kimeridge         J  Grey  or  greenish-grey  sandy  and  slightly 
Clay.  J     calcareous  loam,  passing  down  into 

darker  sandy   clay;    with    Cardium 
striaMum         -  -  -  -      9      0 

The  sandy  basement-l^cd  of  the  G«ult  was  originally  grouped  as  Lower 
Greensand. 

Prof.  Phillips  mentions  that  the  Kimeridge  Clay  had  been  exposed  to 
a  depth  of  about  23  feet,  and  that  it  contained  a  zone  of  Ammonites,  and 
brown  nodules  with  crystals  of  bisulphide  of  zinc  in  the  cracks.f 

The  fossils  recorded  from  Culbam  include  besides  Saurian  and  Fish- 
remains  the  following  species  :— 


Ammonites  biplex. 

triplicatus. 

Astarte  hartwellensis. 
Cardium  striatulum. 
Cuoullaea. 


Thracia  depressa. 

Pema. 

Pinna  granulata. 

Discina  humphriesiana. 


Phillips  remarked  that  *'  the  shells  of  Aylesbury  being  abundant, 
we  may  infer  that  it  is  the  upper  part  of  the  Kimeridge  Clay 
which  is  here  seen";  while  in  reference  to  the  band  of  sandy 
calcareous  rock  he  regarded  it  as  "  really  a  sandy  cap  of  the 
Kimeridge  Clay — perhaps  the  stage  of  a  change  towards  the 
Portland  series,  but  still  to  be  classed  with  the  clay."  (See  also 
p.  217.)     From  this  band  he  recorded  the  following  fossils  : — 


Ammonites  (t/.)  polyplocus. 
Oardium  striatulum. 
Oorbula. 


Pecten  arcuatus. 
Thracia  depressa. 


At  Sandford  according  to  Mr.  E.  S.  Cobbold  "  a  peculiar^ 
bright  red,  earthy  layer  from  4  to  6  inches  thick "  occurred  at 
the  junction  of  the  Kimeridge  Clay  with  the  Corallian  Beds.  In 
the  clay  he  obtained  vertebrae  of  Pliosannts,  good  specimens  6f 
Rhynchonella  hiconstaiis,  and  numerous  crystals  of  selenite.J 

*  Quart.  Journ.  Geol.  Soc,  vol.  xxxvi.  pp.  431,  432  ;  Proc.  Geol.  Assoc,  vol.  vi. 
p.  343 ;  see  also  E.  S.  Cobbold,  Quart.  Journ.  Geol.  Soc,  vol.  xxxvi.  p.  319  ;  and 
H.B.W.,  Ibid.,  vol.  xlii.  p.  307. 

t  Quart.  Jouru.  Geol.  Soc,  vol.  xvi.  p.  310,  and  Geol.  Oxford,  &c,  p.  427  ;  see 
also  HuU,  Geol.,  parts  of  Oxfordshire  and  Berks,  p.  9. 

X  Quart.  Journ.  Geol.  Soc,  vol.  xxxvi.  p.  318. 
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Shotover  HilL 

The  brickyards  on  the  western  side  of  Shotover  Hill,  near 
Headington,  show  the  Kimeridge  Clay  resting  on  the  Corallian 
rocks  and  overlaid  by  Portland  Beds.  The  thickness  of  the  clay 
was  estimated  at  100  feet  by  Prof.  Phillips,  but  only  about 
30  feet  of  the  clay  is  exposed,  and  it  may  not  be  much  more  than 
70  feet  thick. 

It  consists  of  bluish-grey  and  dark  blue  shaly  clay,  weathering 
brown  at  the  top,  with  lignite  and  with  a  few  layers  of  septaria 
and  much  selcnire.  (See  p.  151.)  Prof.  Phillips  notes  that  about 
16  feet  from  the  base  there  is  a  septarian  band  yielding  Rhf/n- 
chonella  inconstans,  &c.  ;  lower  down  there  are  layers  of  Ostrea 
deltoideoy  and  beneath  Tliracia  depressa  and  Exogyra  virgula  are 
found  fairly  abundant.  At  the  base  coprolites  were  first  noticed 
by  the  Rev.  H.  Jelly.*  These  may  help  in  tracing  the  base  of  • 
the  Kimeridge  Clay  northwards,  where  it  rests  on  Oxford  Clay 
without  the  intervention  of  any  Corallian  stone-beds.  As  noted 
by  T.  Roberts  in  the  Cambridge  area,  the  base  of  the  Kimeridge 
Clay  yields  coprolites  which  assist  in  determining  the  boundaries 
oE  tfie  strata.     (See  p.  170.) 

Sowerby  figures  Osirca  dcltoidea  from  this  locality,  remarking 
that  the  fossils  were  known  as  *' Heddington  (Headington) 
Oysters." 

In  addition  to  various  Saurian  remains,  the  following  fossils 
have  been  recorded  f  ro;n  the  Kimeridge  Clay  of  Shotover  Hill : — 


Asteracanthns  omatissimns. 
Hybodus  acutus. 
Ischyodus  Egcrtoni. 
Lepidotus  maximus. 
Ammonites  biplex. 
Belemnites     abbreviatns   var. 

excentricus. 
Aptychus  (Trigonellitos). 


Pleurotomaria  reticulata. 
Astarte  ovata. 
Exogyra  virgnla. 
Ostrea  deltoidea. 
Thracia  depressa. 
Discina  latissima. 
Ehynchonella  incoustans. 
Serpiila. 


Prof.  Phillips  records  Belemnites  "  explanatus  "  from  the  upper 
part  of  the  Kimeridge  Clay  at  Waterstock,  near  Thame,  and 
Wheatley  near  Oxford,  as  well  as  from  the  Hartwell  Clay.f  The 
species  is  now  regarded  as  B,  nitidus. 

Brill  and  Aylesbury, 

The  Kimeridge  Clay  has  been  exposed  in  a  brickyard,  by  the 
high  road,  between  Waterstock  and  Gi'eat  Milton,  and  it  was 
again  shown  in  a  brickyard  south  of  Long  Crendon. 

At  the  brickyard  north-west  of  Brill,  clays  are  dug  beneath 
the  Portland  Beds  and  numerous  iridescent  fossils,  like  those  of 
Market  Rascn,  are  obtained.     The  beds  may  be  compared  with 

*  Bucklaud,  Trans.  Geol.  Soc.,  ser.  2.  vol.  iii.  p.  232  ;  see  also  Fltton,  Ibid.,  vol.  iv. 
p.  278 ;  Phillips,  Geol.  Oxford,  &c.,  pp.  329,  413,  and  Quart.  Joura.  Geol.  Soc»» 
vol,  xiv.  p.  238  ;  and  Hull,  Geol.  parts  of  Oxfordshire  and  Berkshire,  p.  10. 

t  British  Belenmitei,  1865,  p.  128. 


Ammonites  biplex. 
Astarte  hartwellensis. 
Cardium  striatulum. 
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those  seen  at  Culham.     Prof.  Green  has  recorded  the  following 
fossils : — * 

Pinna  granulata. 
Thracia. 
Lingula  ovalis. 

Near  Aylesbury  the  Kimeridge  Clay  appears  to  merge 
gradually  upwards  into  a  clay  containing  Portlandian  fossils,  and 
known  as  the  Hartwell  Clay.  On  the  Geological  Survey  Maps 
this  clay  is  naturally  included  with  the  Kimeridge  Clay  ;  but  as 
the  fossils  seem  to  indicate  an  horizon  higher  than  is  represented 
in  the  Kimeridge  Clay  of  Kimeridge,  the  Hartwell  Clay  is 
considered  in  the  Chapter  that  describes  the  Portland  Beds.  It 
is  not  possible,  however,  to  be  consistent  in  all  our  dealings  with 
these  formations,  without  detailed  aAd  long-continued  hunting  for 
fossils. 

Thus  in  the  brickyard  at  Whitchurch,  we  find  sandy  grey  and 
bluish-grey  clay :  a  "  mild  earth  "  well  adapted  for  brickmaking, 
and  fine  red  bricks  and  drain-pipes  are  manufactured.  The  beds 
worked  appear  to  be  the  same  as  at  Brill,  but  they  may  include 
representatives  of  the  Hartwell  Clay.  Iridescent  Ammonites, 
Thracia,  and  other  somewhat  poorly  preserved  Lamellibranchs 
were  found,  together  with  large  bones  of  Saurians. 

Prof.  Green  has  noted  the  presence  of  Kimeridge  CAoy  beneath 
the  Gault  at  Littleworth  brickyard,  north  of  Wing.  The  sections 
have  since  been  examined  by  Mr.  Jukes-Browne  who  describes  the 
older  clay  asa  stiff  and  dark  blue  deposit  with  large  septaria  and 
lignite,  and  also  Saurian  remains,  Ammonites  biplex  and  Belcmnites, 

From  the  brickyard  south  of  Stewkley  the  following  fossils  were 
obtained  from  the  Kimeridge  Clay  by  Mr.  Whitaker  and  they 
were  identified  by  Mr.  Etheridge  : — 

Ammonites. 
Aptychus. 
Cardium  striatalum. 


Exo^ra  virgula. 

Modiola. 

Ostrea. 


Stewkley  to  Cambridge, 

From  the  neighbourhood  of  Stewkley  north-eastwards  we  lose 
sight  of  the  Kimeridge  Clay  owing  to  the  overlap  of  the  Lower 
Cretaceous  strata. 

Clays  of  Corallian  age  appear  at  Ampthill  and  at  Tetworth  to 
the  north-east  of  Sandy.  From  Great  Gransden  northwards 
there  have  been  found  traces  of  the  Kimeridge  Clay  at  the  base 
of  the  Lower  Greensand,  and  thence  it  outcrops  persistently  by 
Knapwell  and  Oakington,  and  appears  in  straggling  ''  islands " 
in  the  Fenland  at  Sutton,  Ely,  Barraway,  Chatteris,  March, 
Littleport,  and  Southrey. 

Ac  Knapwell  there  was  formerly  a  section  at  a  brickyard 
which  showed  the  Ampthill  Clay  with  a  capping  of  Kimeridge 
Clay.     The  beds  opened  up   consisted  of  about  15  feet  of  dark 


*  Geol.  Banbuijjp.  46. 

M  2 
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blue  shaly  clay,  with  fine  crystiils  of  selenite,  and  on  top  about 
3  feet  of  clay  with  a  layer  of  black  phosphatic  nodules  at  the 
base  of  it.  The  fossils  recorded  by  Messrs.  Penning  and  Jukes- 
Browne  include  the  following: — '" 


# 


Ammonites  biplez. 
Belemnites  aboreTiatus. 
Ayicula  ecbinata. 
Exogyra  nana. 
Grypnssa  dilatata. 


Ostrea  deltoidea  (abundant). 

gregaria. 

Trigdhia. 
Serpula. 


T.  Koberts,  remarking  on  this  section,  considers  the  nodule- 
bed  to  mark  the  base  of  the  Kimeridge  Clay ;  and  thus  many  o^ 
the  fossils,  including  the  Gr^kcea  dilatata,  come  froni  the 
Ampthill  Clay  below.t 

Reference  has  already  been  made  to  the  Kimeridge  Clay  at 
Willingham  (p.  147),  and  to  the  relations  of  the  beds  at  Upware 
(p.  144). 


Isle  of  Ely. 

Further  north  we  come  to  the  "  Isle  of  Ely,"  an  irregular  mass 
of  Kimeridge  Clay  which  rises  through  the  alluvial  fiats,  and  is 
capped  by  two  outliers  of  I^ower  Greensand,  marked  by  the 
towers  of  Ely  Cathedral  and  the  steeples  of  Wiiburion  and  Had- 
denham ;  and  this  "  I^le  "  could  in  Norman  times  only  be  reached 
by  an  artificial  causeway  across  the  marshe^.J 

The  lower  beds  of  the  Kimeridge  Clay  were  observed  by 
T.  Roberts  in  a  brick-pit  half  a  mile  west  of  Haddenham  railway- 
station.     This  section  was  as  follows : — 

Ft.  In. 

SoU 16 

Ferruginous  clays  with  some  calcareous  nodules        -      6    0 
Thin  grey  limestones,  weathering  white         -  -      1    3 

Black  tenacious  olays,  with  few  fossils  -  -      2    0 

Grey  nodular  limestone,  with  Ammonites  muiahiliSf 

and  some  gasteropods  -  -  -  -      0    9 

Black  clays,  with  Ostrea  deltoidea,  and,  at  base,  black 
phosphatic  nodules    -  -  .  -    about      9    0 

A  number  of  fossils  are  recorded  by  Roberts,  including  Am- 
monites  biplex,  St»uth  of  Haddenham  station  thcie  are  two 
brickyards,  showing  black  clays  with  selenite  and  septaria.  From 
these  beds,  which  belong  to  "a  somewhat  higher  horizon,"  Roberts 
obtained  Ammonites  mittahilisy  Astarte  supracorallina,  Exogyra 
virgulft,  &c.§ 

The  Kimeridge  Clay  has  been  well  exposed  north-east  of  Ely 
in  the  large  pit  of  Roslyn  Hole,  where  about  30  feet  of  dark 
shales  and  clays,  in  places  bituminous  and  arenaceous,  wiih  ihin 
ochreous  layers  and  bands  of  septaria,  may  be  seen.     A  large 

♦  Gcol.  Cambridge,  p.  10. 

t  Jurassic  Uocks  of  Cambridge,  p.  42. 

t  2Sedgwick,  Bep.  Brit.  Assoc,  for  1845,  p.  44. 

§  Jurassic  Bocks  of  Cambridge,  pp.  63-65. 
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number  of  Saurians  and  Fish-remains  have  been  obtained  by  Mr. 
Marshall  Fisher,  of  Ely,  and  these  have  been  examined  and  named 
by  Mr.  E.  T.  Newton.  A  full  list  of  fossils  is  elsewhere  pub- 
lished. They  show  that  both  lower  and  upper  portions  of  the 
Kimeridge  Clay  are  present,  for,  among  the  Ammonites,  there  are 
Ammonites  alternans,  A,  biplcxy  A.  eudoxus,  A,  longispinus,  and 
A,  mutahiUs,  Among  other  fossils  we  may  find  Aptychus^ 
Astarte  supracoraliina,  Cardium  striatnlum,  Exoqyra  mrgula^ 
E,  nana,  Lucina  minusculuy  Ostrea  deltoidea,  Discina  latissima, 
Lingida  ovalis,  and  Rhynchonclla  inconstans* 

The  strata  of  this  district  have  been  studied  in  detail  by 
T.  Roberts,  who  notes  in  descending  order  the  following  local 
zones  or  fossil-beds : — f 

Ft.  In. 
Discina  latissima       -  -  ~  1     l  ^    o 

Exogyra  virgrula       -  -  -j       ^    ^ 

AmmoDites  alternans  •  - 1 

Astarte  snpracoralliiia  -  -  >     80    0 

Ostrea  deltoidea        -  -  -  J 

The  full  thickness  of  the  Kimeridge  Clay  can  nowhere  be 
ascertained  in  the  district,  as  we  have  no  indication  of  Port- 
landian  beds.  The  strata  that  can  be  assigned  to  the  Upper 
Kimeridge  Clay  do  not  appear  to  exceed  15  feet,  and  the  Lower 
Kimeridge  Clay  may  be  about  80  or  90  feet.  Roberts  has 
approximately  estimated  the  full  local  thickness  of  the  clay  at 
142  feet,  but  this  estimate  appears  excessive  when  compared  with 
his  detailed  observations  and  correlations,  j: 


Fenland  and  Norfolk. 

Chatteris  and  March  are  situated  on  ^^  islands  "  of  Kimeridge 
Clay,  with  coverings  of  Drift. 

At  March  the  occurrence  of  Ostrea  deltoidea  points  to  the  lower 
part  of  the  Kimeridge  Clny,  and,  as  mentioned  elsewhere,  it  is 
probable  that  Corallian  Clay  has  been  reached  in  the  brickyards 
at  this  locality,  where  clay  has  been  dug  to  a  depth  of  40  feet.§ 

At  Littleport  there  is  another  "  islnnd  "  of  Kimeridge  Clay, 
and  Prof.  Hughes  has  drawn  attention  to  the  occurrence  m 
the  clay  of  subordinate  bands  of  limestone.  ||  The  beds  are 
exposed  in  several  brickyards  near  the  village.  Summarizing  the 
information  which  they  furnish,  T.  Roberts  gives  the  following 
section : — S 


*  Geology  of  parts  of  Cambridgeshire  and  Saffolk,  p.  18,  fiee  also  J.  F.  Blake, 
Quart.  Journ.  Geol.  Soc.,  vol.  xxxi.  p.  21 1,  and  T.  Roberts,  Ibid,^  vol.  xlv.  p.  558. 

t  Jurassic  Bocks  of  Cambridge,  p.  69. 

X  Ibid.,  p.  74. 

§  Skertchly,  Gwl.  Fenland,  pp.  192,  268  ;  Geol.  S.W.  Norfolk  and  N.  Tambridge- 
shire,  p.  8 ;  See  also  Hailstone.,  Ann.  PUil.,  vol.  v.  1815,  p.  390. 

II  Proc.  Geol.  Assoc,  vol.  viii.  p.  401. 

%  Jurassic  Rocks  of  Cambridge,  p.  78. 
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Lower 
Kimeridge  < 
Clay 


Black  clay  -  -  . 

Septarian  nodule-bed    - 
Clays  with  Astarte  siq'iracorallina ,  &c. 
Argillaceous  limestone  - 
Black  clays         -  -  . 

Grey  limestone  - 
Black  and  bluish  clays  - 
Grey  limestone  -  - 

Grey  and  black  clays    - 
Calcareous  nodules 
Black  clay  -  -  . 

Grey  compact  limestone 
Black  clay  -  -  - 

^Limestone  .  -  - 


about 


Ft. 

In. 

G 

0 

0 

8 

11 

0 

1 

0 

4 

0 

1 

6 

9 

0 

0 

9 

4 

0 

0 

6 

about      :^  0 

1  0 

1*)  0 

0  7 

59  0 


The  following   fossils 
from  the  Kimeridge  Clay 

Ammonites  biplex. 
—  Callisto. 

mutabilis. 

trifidus. 

Belemnites  abbrcviatuB. 
Alaria  trifida. 
Area  reticulata. 
Astarte  supracorallina. 
Exogyra  nana. 

virgula. 

Lima  pectiniformis. 


are  among  those'  recorded  by  Roberts 
of  Littleport : — 

Lncina  minuscula. 
Myoconcha. 
Niicula  Menkei. 
Ostrea  Iceviuscula. 
Pccton  Grenieri. 
Perua  Flambarti. 
Thracia  depressa. 
Trigonia  elongata. 
Lingula  ovalis. 
Khynchonella  iuconstans. 
Serpula  intcstinalis. 

The  occurrence  of  limestone-bands  in  the  Kimeridge  Clay  of 
this  district  is  interesting;  their  presence  in  the  Oxford  Clay  of 
Huntingdonshire  and  Cambridgeshire  has  been  noticed,  so  that 
in  the  great  clay  formations  of  this  eastern-midland  area  we  find 
calcareous  bands  to  be  somewhat  markedly  developed.  Here,  as 
in  the  case  of  the  Lias,  limestones  occur  in  proximity  to  the  old 
land-tracts. 

Proceeding  towards  Downham  Market  we  find  an  "  island  '*  of 
Kimeridge  Clay  at  Southrey.  Fitton  recorded  Ostrea  dcltoidca, 
Aptychtis  and  Saurian  bones  from  this  locality ;  he  also  noted 
Ammonites  Lamberti  (an  Oxford  Clay  fossil).  This  ammonite 
may  be  a  wrong  identification,  or  it  may  have  been  derived  from 
the  Boulder  Clay  which  occurs  on  the  Lower  Greensand  and 
Kimeridge  Clay  of  this  insulated  tract.*  The  occurrence  of 
bituminous  clay  in  the  same  neighbourhood,  mentioned  by  C.  B. 
Rose,  is  suggestive  of  the  presence  of  higher  portions  of  the 
Kimeridge  Clay.f 

There  are  b/ickyards  at  Fordham,  and  again  at  Downham 
Market  to  the  north  and  south-east  of  the  railway-station.  There 
we  see  about  5  feet  of  brown  and  grey  clay  resting  on  8  feet  of 
black  shaly  and  bituminous  clay,  with  here  and  there  a  gravelly 
clay   at  the  surface.     Saurian  bones^  Ammonites  biplex^  Lucina 


*  Trans.  Geol.  Soc.  ser.  2,  vol.  iv.  p.  816. 
t  Phil.  M«g.  fer.  3,  vol.  yii.  p.  175. 
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minnsculay  and  other  fossils  may  be  obtained.  Formerly  clay  was 
opened  to  a  depth  of  30  feet  in  one  brickyard  and  a  band  of 
septaria  formed  the  floor.  A  well-boring  at  Downham  Market, 
after  passing  through  29  feet  of  Lower  Greensand,  was  carried  to 
a  depth  of  187  feet  in  beds  regarded  as  Kimeridge  Clay.*  Here 
again,  we  have  no  means  of  telling  the  full  thickness  of  the 
formation. 

Kimeridge  Clay  has  been  worked  in  a  brickyard  south-east  of 
Watlington  and  again  at  West  Winch,  south  of  Lynn.  An 
interesting  mass  of  the  Clay  has  been  worked  at  Fodderstone 
Gap  between  Shouldham  and  South  Runcton.  The  brickyard 
showed  15  feet  of  dark  blue  shaly  Kimeridge  Clay  and  this  was 
proved  in  a  well  to  be  50  feet  thick  and  to  overlie  Lower  Green- 
sand.  Hence,  Mr.  C.  Reid,  who  has  described  the  section, 
remarks  that  ^'  Clearly  the  mass  of  Kimeridge  Clay  is  a  huge 
boulder  transported  from  the  westward."! 

The  most  northerly  exposure  of  Kimeridge  Clay  in  Norfolk  is 
between  North  and  South  Wootton,  south-west  of  Castle  Rising. 
The  occurrence  of  Kimeridge  Clay  on  the  foreshore  at  Hun- 
stanton was  mentioned  by  R.  C.  Taylor  and  others,  but  it  is  now 
well  known  that  the  clay  here  is  a  band  in  the  Lower  Greensand, 
which  comes  to  the  surface  and  is  worked  at  Heacham  brickyard, 
as  pointed  out  by  Mr.  TealKf 

In  a  well  at  Holkham,  clay  presumed  to  be  Kimeridge  Clay, 
was  touched  at  a  depth  of  743  feet,  beneath  the  Cretaceous  and 
newer  deposits.  § 

Lincolnshire. 

Across  the  Fenland  from  Wisbech  to  Holbeach  we  have  no 
definite  evidence  of  the  course  of  the  underground  Jurassic  strata. 
At  Boston  a  deep  well  (572  feet)  after  penetrating  24  feet  of 
Alluvium,  and  166  feet  of  Boulder  tJlay,  passed  into  the 
Kimeridge  Clay.  This  clay  was  penetrated  for  a  depth,  estimated 
by  Mr.  Jukes-Browne  at  about  294  feet,  beneath  which  there  was 
proved  a  further  thickness  of  88  feet  of  beds  in  or  above  the 
Oxford  Clay.n 

We  have  no  fossil  evidence  from  the  district  of  TattershoII^ 
Coningsby,  New  Bolingbroke,  &c.  In  this  region  the  Jurassic 
clay  is  for  the  most  part  covered  with  Alluvium  or  Boulder  Clay. 
On  Revesby  Bank,  south  of  Revesby,  blue  clay  was  proved  to  a  depth 
of  124!  feet  in  an  unsuccessful  boring  for  water.  The  Kimeridge 
Clay  has  been  worked  to  a  depth  of  about  50  feet  in  a  brickyard 
west  of  Stickney  church.   It  contains  a  layer  of  septaria  and  '*  large 


*  WhiUker,  Geol.  S.  W.  Norfolk,  &c.,  pp.  8,  157. 
t  Ibid.,  p.  63. 

I  Fotton  and  Wicken  Fhospbatic  Deposits,  1875,  p.  17;  see  also  Kose,  Phil.  Mag. 
ser.  iii.  vol.  vii.  p.  176,  and  Fitton,  Trans.  Geol.  See.  ser.  2.  vol.  iv.  p.  316. 

§  H.B.W.,  Geol.  Fakenham,  &c.,  p.  61. 

II  Quart.  Joum.  Geo^  Soc.  vol.  xxxv.  p.  420  ;  see  also  G.  Naylor,  Fhil.  Tranfl. 
vol.  Ixxvii.  p.  50. 
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smooth  Ammonites."  The  clay  has  also  been  dug  south  of 
Hagnaby  Corner,  to  the  west  of  Stickford.* 

^iorthwards  in  the  area  between  Bolingbroke,  Spilsby,  and 
Fulletby,  there  is  evidence  of  dark  shaly  and  bituminous  clay  and 
paper-shales  with  occasional  thin  calcareous  bands.  Near  Spilsby 
wells  have  been  sunk  into  the  clay  to  depths  of  about  SO  feet  in 
search  of  water,  but  without  success — the  thickness  of  the 
Kimeridge  Clay  being  estimated  at  300  feet  by  Mr.  Jukes- 
Browne. 

Phosphatic  nodules  have  been  observed  sparingly  in  the  clay  at 
Halton  Holegate  and  Raithby,  and  their  occurrence  is  note- 
worthy. 

Saurian  remains  have  been  found  near  West  Keal,  and  other 
fossils  have  been  obtained  by  Mr.  J.  Rhodes  from  the  paper* 
shales  exposed  in  the  banks  of  the  river  Steeping,  south-west  of 
Ashby  near  Spilsby,  and  in  a  pit  north-west  of  Salmonby. 
These  include  Ammonites^  Astarte,  Discina  latissima,  and  Lingula 
ovalis,^ 

In  a  brickyard  west  of  Fulletby,  about  15  feet  of  paper-shales, 
with  a  band  of  cement-stone,  were  exposed,  and  there  Prof.  J.  F. 
Blake  obtained  the  following  fossils : — J 


Ammonites  biplex. 
Aptychus  biplex. 
Bclemnoteutnis. 
Trochus  retrorsus. 
Dentalinm  Quenstedti. 
Astarte  lineata. 
Ayioula  velDcata. 


Cardiom  striatalmn. 
Gkrvillia  tetragona. 
Lncina  minuscula. 
Ostrea  Ribbosa. 
Pecten  lens. 
Discina  latissima. 


In  these  localities  we  have  the  Upper  beds  of  the  Kimeridge 
Qay. 

A  well  sunk  at  Burgh  reached  Kimeridge  Clay  at  a  depth  of 
58  feet,  and  another  at  Driby  reached  it  at  321  feet,  and  that  at 
Skegness  proved  it  at  a  depth  of  363  feet.§ 

A  brickyard  (now  abandoned)  between  Stixwould  and  Woodhall 
Spa  showed  about  14  feet  of  dark  blue  day  with  septaria,  and 
Oetrea  deltoidea,  ||  The  bore-hole  at  Woodhall  Spa,  after  passing 
through  10  feet  of  gravel  and  Boulder  Clay,  penetrated  350 
feet  of  clay  assigned  by  Mr.  Jukes-Browne  to  Kimeridge  and 
Oxford  Clays,  beneath  which  there  were  Kellaways  Beds  and  other 

strata.lT 

From  Campney,  south-west  of  Bucknall,  Mr.  Jukes-Browne 
records  Ammonites  mutabilis,  A.  pKcatilis^  and  A.  rotundus** 

In  these  localities  we  have  the  Lower  Kimeridge  Clay  which 
rest*!  on  the  local  equivalent  of  the  Ampthill  Clay.     (See  p.  1 48.) 


•  Jukes-Browne,  Geol.  S.W.  Lincolnsbire,  p.  73. 
t  Jokei-Browne,  Geol.  E.  Lincolnshire,  pp.  9-11. 
J  Qaart.  Journ.  Geol.  Soc,  vol.  xxxi.  p.  201  ;  Jokes-Browne,  Geol.  E.  Line, 

p.  12. 

§  A.  Strahan,  Geol.  B.  Lincolnshire,  p.  168. 

n  Geol.  Lincoln,  p.  79  ;  J.  F.  Blake.  Quart.  Journ.  Geol.  Soc.,  vol.  xxxi.  p.  210. 
%  Geol.  Lincoln,  p  208  ;  and  Memoir  on  Lower  Oolitic  Bocks  of  England,  p.  515. 
*•  Geol.  Lincoln,  p.  79. 
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North  of  Horncastle,  brickyards  have  been  opened  on  both  sides 
of  the  river  Bain,  that  on  the  west  is  now  abandoned.  Clays  with 
fine  septaria  occur  here^  and  among  the  fossils  that  have  been 
recorded  are  Ammonites  hiplexy  A,  miitabiiis,  Astarte  sifpracorallina, 
Cardium  striatiilum,  Thracia  depressoy  and  TAngula  ovalis* 
These  beds  belong  to  the  Lower  Kimeridge  Clay. 

The  brickyard  norlh-east  of  West  Ashby  showed  sbaly  clay 
with  septaria.  Here  Saurian  bones  occur,  and  I  obtained 
Ammonites  hiplex  and  Lucina  viinuscula.  The  same  species 
together  with  Discina  latissima  are  recorded  by  Prof.  Blake  from 
Goulsby.  In  the  brickyard  south-east  of  South  Willingham 
railway-station  the  shales  are  bituminous  (see  p.  328),  and  contain 
large  septaria  5  or  6  feet  across ;  here  also  Saurian  bones  and 
Ammonites  may  be  found.  These  beds  all  belong  to  the  Upper 
Kimeridge  Clay,  and  we  have  a  record  of  309  feet  of  Kimeridge 
Clay  in  the  boring  at  Donning  ton- upon  Bain.  (See  p.  328.) 
This  passed  through  clays,  cement-stones,  and  bituminous  shales.f 

At  Baumber,  Hatton,  and  near  Wragby  the  Lower  Kimeridge 
Clay  has  yielded  the  following  among  other  fossils  : — % 


AmmoniteB  altera  ans 
Berryeri. 
biplex. 

cordatnsvar.  excavatus. 
mutabilis. 
decipiens. 


Ammonites  rotundus. 

triplicatus. 

Belemnites  abbreviatus. 
Plenrotomaria  reticulata. 
Cardium  striatulmn. 
Thracia  depressa. 


Market  Rasen  is  a  locality  famous  for  the  many  fossils  obtained, 
including  beautiful  iridescent  and  pyritic  Ammonites.  The  brick- 
yard east  of  the  town,  on  the  road  to  North  Willingham,  showed 

the  following  section  : — §  Ft.  In.   Ft.  In. 

Drift.            False-bedded  sand    -           -  -            -     6    0  to  8    0 

pBluish-grey  slightly  micaceous  clay  with  I 

J-               j      small  nodules  of  argillaceous  limestone,  >  J  2    0  to  16    0 


Clay. 


Layer  of  slightly  calcareous  grit,  in  imper-  \    q    4  to    0    5 

sistent  masses  -  -  -        -  J 

Dark  clay. 

The  following  species  have  been  recorded  from  Market  Kasen: — 1| 
X     Ammonites  altemans.  t  X     Gryphasa. 

Berryeri.  X     Inoceramns  rasenensis. 


cymodoce. 
decipiens. 
mutabilis. 
rotnndns. 


Belemnites  nitidus. 
Area  longipnnctata. 
Astarte  ovata. 

Bupracorallina. 

Cardium  striatulum, 
Exogyra  nana. 


Luoina  minuscula. 
X     Nucula  MenkeL 

Ostrea  deltoidea  (rare). 

gibbosa. 

Pecten  demissus. 

Pholadomya  eequalis. 
X     Thracia  depressa. 
X     Trigonia  juddiana. 

Lingula  ovalis  (rare). 


*  J.  F.  Blake,  Quart.  Jouru.  Geol.  See.,  vol.  zxxi.  p.  205.  See  aUo  Judd,  Ibid, 
vol.  xxIt.  p.  240. 

t  E.  B<^g,  Trans.  Geol.  See.,  vol.  iii.  p.  396;  Conybeare  and  Phillips,  Geol. 
England  and  Wales,  p.  194. 

{  Strahan  in  Geology  of  Lincoln,  p.  SO ;  Blake,  op.  cit.  p.  208 ;  Hobeits,  Quart. 
Joam.  Geol.  Soc.,  vol.  idv.  p.  553. 

§  See  also  A.  Strahan,  Geol  LineolD,  p.  SO. 

II  J.  F.  Blake,  Quart.  Joum.  Geol.  Soc.,  vol.  xxxi.  p.  207  ;  those  marked  x  were 
obtained  by  myself. 
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A  number  of  Gasteropods  have  been  recorded.  The  occurrence 
here  and  elsewhere  of  Ammonites  Berry eri  is  interesting,  as  that 
species  occurs  in  the  Corallian  iron-ore  of  Westbury.     (See  p.  109.) 

The  occurrence  of  dark  shales  with  Ammonites  biplex  and  Ostrca 
deltoidea  was  noted  by  Mr.  Strahan  in  a  pit  north  of  Claxby.* 

From  a  brickyard  on  Claxby  Moor,  Mr.  Ussher  records 
Ammonites  rotundus,  and  from  another  brickyard  at  Holton-le- 
Moor,  he  obtained  the  same  species,  together  with  A,  plicatilis, 
Thracia  depressa^  fccf  Roberts  notes  Ammonites  dedpiens  and 
other  fossils  from  Holton-le-Moor,J  showing  that  along  this  line 
occurs  the  junction  of  Corallian  and  Kimeridge  Clays. 

At  a  clay-pit  on  Moor  town  Hill  the  following  species  were 
obtained  by  Mr.  Ussher  : — 


Ammonites  rotundus. 
(near  to)  cymodoc«. 


Avicula  inaequivalvis. 
Ostrea  deltoidea. 
Pecten  lens. 
Serpula  tetragona. 


Alaria  trifida. 
Area  longipunctata. 

A  similar  assemblage,  including  Corbula,  Modioln  hipartita^  and 
Opis,  wag  obtained  at  North  Kelsey  brickyard  ;  and  Roberts  records 
other  species,  Ammonites  plicatilis,  A,  achilleSy  Belemnites 
abbreviatus,  Cardium  striatulum^  Thracia  deprcssa,  Astarte 
supracoraUinOy  &c. 

At  Nettleton,  south  of  Caistor  Ammonites  biplex,  A,  plicatilis, 
Lucina,  and  some  other  fossils  were  obtained  by  Mr.  Rhodes.§ 

In  the  railwaj^-cuttings  north-east  of  Wrawby,  clays  of  Corallian 
age,  and  overlying  Kimeridge  Clay,  have  been  observed.  Ammo- 
nites dlternanSy  A,  rotundus,  Ostrea  deltoidea,  Exogyra  virgula  and 
other  fossils  indicative  of  the  lower  beds  are  recorded  by  Mr. 
Ussher  ;  he  also  mentions  A.  biplex ;  and  Prof.  Blake  records  this 
species,  Astarte  supracorallina^  and  other  fossils.  || 

In  the  brickyard  south  of  Worlaby  Ammonites  rotundus  and 
Thracia  depressa  were  found  by  Mr.  Ussher,  and  to  these  Roberts 
has  'added  Am.  dedpiens,  Cerithium  forticostatum,  Pholadomya 
acuticosta,  Ostrea  gibbosa^  and  Serpula  intestinalis,^ 

Further  north  the  Kimeridge  Clay  is  but  little  exposed, 
although  it  has  been  mapped  along  the  base  of  the  Cretaceous 
escarpment  to  South  Ferriby  on  the  shore  of  the  Humber.  It  is 
not  only  in  part  concealed  beneath  the  Cretaceous  covering,  but 
obscured  by  various  Drifts,  and  along  the  escarpment  itself  by 
debris  that  has  accumulated  on  the  slope.  Hence  it  is  by  no 
means  certain  that  Corallian  clay,  or  even  Oxford  Clay  may  not 
be  present  along  the  base  of  the  cliffs  between  Saxby  and  South 
Ferriby. 

The  general  evidence  obtained  by  the  fossils  points  to  consider- 
able unconformity  between  the  Kimeridge  Clay  and  overlying 

♦  Geol.  Lincoln,  p.  81 ;  see  also  H.  Keeping,  Quart.  Journ.  Geol.  Soc,  vol.  xxxviii. 
p  240. 

t  Ussher,  Geol.  N.  Lincolnshire,  pp.  100-105. 

X  Quart.  Joum.  Geol.  Soc,  vol.  xlv.  p.  552. 

§  See  also  Dikes  and  Lee,  Mag.  Nat.  Hist.,  ser.  2,  vol.  i.  1887j  p.  566. 

II  Quart.  Joum.  Geol.  Soc,  vol.  xxxi.  p.  207. 

%  Ibid.,  vol.  xlv.  p.  552. 
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strata.  Judging  by  this  evidence  we  might  infer  that  the  Spilsby 
Sandstone,  and  overlying  Cretaceous  Beds  extend  directly  on  to 
the  Lower  Kimeridge  Clay  in  the  neighbourhood  of  Caiator.  The 
dark  bituminous  clays  proved  in  the  shaft  sunk  at  the  Acre  House 
Mine^  north  of  Claxby,  probably  belong  to  the  Upper  Kimeridge 
Beds,  while  some  of  the  fossils  obtained  at  Nettleton  and  certainly 
those  of  Worlaby  are  Lower  Kimeridge.  The  unconformity  of  the 
Upper  Cretaceous  Beds  over  the  TiOwer  Cretaceous  or  Neocomian 
Beds  has  been  shown  by  Mr.  Strahan ;  and  as  representatives  of 
the  Spilsby  Sandstone  occur  as  far  north  as  Elsham,  there  can  be 
no  doubt  of  its  unconformable  relations  with  the  Kimeridge  Clay, 
a  view  to  which  he  lias  been  led  from  the  evidence  furnished  by 
the  nodule-band  nt  the  base  of  the  Spilsby  Sandstone.*  Further 
reference  is  made  to  this  subject  in  a  later  Chapter  (p.  290). 

S?issex  and  Kent, 

In  the  Siib-Wealden  Boring  a  considerable  thickness  of  the 
Kimeridge  Clay  was  penetrated ;  and  this  has  been  estimated  at 
from  1,273  feet  to  as  much  as  1,512  feet.  There  being  a  passage 
from  the  Corallian  Beds  below,  upwards  through  the  Kimeridge 
Clay  into  the  Portlandian  strata  above,  we  are  by  no  means  sure 
of  the  limits,  but  the  lesser  estimate  appears  better  to  coincide 
with  the  palseontological  evidence.     (See  detailed  section,  p.  346.) 

The  fossils  were  identified  by  Mr.  R,  Etheridge,  and  the 
following  may  be  mentioned  with  the  depths  at  which  they  were 
found  : — f 

Ft.        Ft. 


Ammouites  biplez     - 

Call  is  to 

mutabilis 

orthocera 

Astartc  supraccrallina 
Cardium  striatnlum  - 
Exogyra  nana 

virgnla  - 

Lncina  minnscula     - 
Ostrea  deltoidea 
Pholadidea  compressa 
Thracia  depresaa 
Discina  latmsima 
Lingnla  ovalis 


275  to  1,083 
668  to  1,565 
379  to  1,562 
1,039 
409  to  926 
409  to  1,634 
278  to  938 
934  to  1,634 
810  to  960 
280  to  1,423 
526 
284  to  1,634 
287  to  1,411 
267  to  1,390 


The  range  here  assigned  to  Ostrea  deltoidea  is  remarkable  since 
elsewhere  it  is  found  mainly  in  the  lower  portions  of  the  Kimeridge 
Clay  and  the  Upper  Corallian  Beds. 

Moreover,  the  occurrence  of  beds  of  sandstone  in  the  Kimeridge 
Clay  is  unusual.  That  obtained  from  depths  of  1,121,  1,139, 
1,140,  and  1,360  feet,  is  hard  and  quarlzose,  and  occasionally  con- 
cretionary sandstone,  unknown  elsewhere  in  this  country  to  form 
such    thick   masses    in    the   Kimeridge  Clay.     Sands,  grits,  and 


*  Quart.  Joum.  Geol.  Soc,  vol.  xlii.  pp .  486,  488. 
t  Dixon's  Geol.  Sussex,  Ed.  2,  p.  159. 
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limestones  however  occur  in  the  Kimeridgian  Beds  of  Sutherland 
and  Cromarty,  of  Dover,  and  of  the  Boulonnais.*  Much  of  the 
shale  in  Sussex,  down  to  depths  of  1,000  feet,  is  shelly  and 
presents  the  ordinary  characters  of  Kimeridge  Clay. 

In  the  Dover  boring  (see  p.  343)  a  thickness  of  only  73  feet  is 
assigned  to  the  Kimeridge  Beds.  It  is  clear  that  the  limit  cannot 
be  taken  lower,  for  undoubted  Corallian  fossils  are  met  with  in  the 
oolites  below.  Moreover,  a  bed  of  brown  oolitic  ironstone  12 
feet  thick,  and  resembling  that  of  Abbotsbury  and  Westbury, 
is  placed  in  the  Kimeridge  group  (see  p  150.).  Oolitic  limestones, 
however,  are  known  to  occur  in  the  Kimeridge  Beds  of  the  north- 
west of  Grermany,t  and  hard  bands  of  rock  similarly  occur  in  the 
Boulonnais  as  already  mentioned. 

^  See  ^rrois  and  others,  Proc.  Geol.  Assoc.,  vol.  vi.  p.  1. 

t  H.  Credner,  Ueber  die  Gliedemng  der  obcren  Juraformation  und  der  Wealden- 
Bildung,  1863  ;  and  J.  F.  Blake,  Quart.  Joum.  Geol.  Soc.,  vol.  xxxvii.  p.  497. 
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CHAPTER  X. 

Portland  Beds, 
(portlandiax.) 

General  Account  of  the  Strata. 

These  beds  take  their  name  from  the  Island  of  Portland,  where 
the  stone  has  been  extensively  worked  durincr  the  past  two 
hundred  years.  Tlie  term  '^Portland  Lime"  was  used  by 
Michell  in  his  table  of  strata  1788,  while  the  name  Portland 
Oolite  was  more  definitely  employed  by  Webster  in  1812.* 

The  Portland  Bed?,  like  the  Corallian  rock-beds,  comprise  a 
very  variable  set  of  strata.  In  the  upper  part  they  include  shelly 
limestones,  oolite,  chalky  and  compact  limestones;  with  locally 
layers  and  nodules  of  chert,  and  some  beds  of  sand  and  calcareous 
sandstone.  The  chert,  which  is  well  developed  in  Dorsetshire, 
becomes  more  prominent  towards  the  base  of  the  stone-beds,  but 
nodules  of  black  chert,  resembling  chalk-flints,  occur  in  higher 
beds  of  chalky  limestone. 

The  lower  beds  comprise  alternations  of  yellow  and  greenish- 
grey  sands,  sometimes  glauconitic,  with  loamy  beds  and  clays. 
Here  and  there  layers  of  sandy  and  clayey  limestone  occur,  as 
well  as  ncdules  and  large  doggers  of  calcareous  sandstone.  The 
interbedded  and  associated  clays  are  of  considerable  local  interest 
as  at  Swindon  and  HartweU.  To  the  lower  division,  which  is 
well  seen  in  Portland  and  the  Island  of  Purbeck,  Fitton 
in  1827  gave  the  name  of  Portland  Sandf ;  and  at  the  same  time 
he  recognized  its  intimate  connexion  with  the  beds  above  and 
below.  Thus  the  jimction  of  the  Kimeridge  Clay  and  Portland 
Sands  is  transiiionaJ,  the  blue  colour  of  the  clay  being  repeated 
in  the  dark  shaly  sandstones  and  loamy  sands  of  the  beds  above, 
as  is  the  case  with  the  Upper  Lias  clay  and  Midft^rd  Sands. 

As  remarked  by  Mr.  Whiiaker,  the  division  into  Portland 
Sand  and  Portland  Stone  does  not  hold  good  e\  ery  whera  J  Some 
confusion  arose  at  Swindon  where  the  Portlnnd  Stone  consists 
very  largely  of  sands,  but  here  and  also  at  Aylesbury  the  base 
of  the  Portland  Stone  is  marked  by  a  conglomeratic  layer  that 
contains  small  pebbles  of  lydite,  and  also  phosphatized  fossils. 
Thus  locally  we  have  indications  of  a  pause  in  deposition  accom- 
panied perhaps  by  some  reconstruction  and  irregidar  overlap. 
The  proximity  of  land  suggested  by  pebbly  layers,  as  noticed  in 
the  Corallian  Beds  of  Berkshire,  &c.,  is  therefore  again  indicated. 

*  Euglcfield*8  Isle  of  Wight,  p.  187. 

t  Trans.  Geol.  Soc.,  ser.  2,  \ol.  iv.  pp.  206,  210. 

t  Green,  Geology  of  Banburj',  p.  48. 
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The  Portland  Sands  show  that  conditions  of  shallower  water 
succeeded  to  those  of  the  Kimeridge  Clay,  land  probably 
appearing  in  the  east  or  south-east.  The  Portland  Stone,  made 
up  of  calcareous  mud  with  sandy  beds,  rolled  fragments  of 
organic  remains  and  oolite  grains,  is  again  a  comparatively 
shallow-water  marine  deposit. 

Estimates  of  the  thickness  of  the  Lower  Portland  Beds  vary 
for  it  is  impossible  to  fix  a  definite  plane  of  demarcation  between 
them  and  the  Kimeridge  Clay.  In  Dorsetshire  the  estimates  by 
diflerent  geologists  vary  from  80  feet  to  nearly  280  feet.  In  my 
own  opinion  an  estimate  of  from  130  to  170  feet  would 
be  sufficient.  The  Upper  Portland  Beds  in  the  Isle  of  Purbeck 
attain  a  thickness  of  about  120  feet,  and  at  Portland  about  100 
feet.  The  entire  formation  in  the  Vale  of  Wardour  and  at 
Swindon  is  about  100  feet. 

Doubtless  there  is  some  inconvenience  in  a  term  like  Portland 
Sands,  when  it  includes  prominent  beds  of  clay,  like  those  of 
Swindon  and  Hartwell,  and  especially  when,  as  at  Swindon,  the 
Portland  Stone  division  consists  largely  of  sand. 

With  a  view  to  dispose  of  this  incongruity  Prof.  Blake  in  1881 
suggested  a  new  grouping  of  the  beds,  based  essentially  on  that 
adopted  in  the  Boulonnais.*  There  the  Portlandian  beds  have 
been  separated  into  three  divisions,  of  which  the  Middle  Port- 
landian is  in  the  main  equivalent  to  our  Portland  Sands,  while  the 
Lower  Portlandian  takes  in  a  portion  of  our  Kimeridge  Clay — 
beds  with  Di$cina  latissima  and  Astarte  suprajurensis.  Prof. 
Blake  introduces  the  term  Bolouian  for  the  I^ower  and  Middle 
Portlandian  Beds,  while  he  applies  the  name  Portlandian  not 
only  to  Portland  Stone  but  also  to  the  Purbeck  Beds. 

Against  this  rearrangement  I  have  ventured,  from  a  strati- 
graphical  point  of  view,  to  protest.!  We  .must  not  forget  that  the 
names  Kimeridge  Clay,  Portland  and  Purbeck  Beds,  are  derived 
from  strata  in  this  country,  and  it  therefore  eeems  hardly  fair 
or  right  to  modify  their  limits  to  suit  the  stratigraphical  changes 
met  with  elsewhere. 

Prof.  Blake  admits  that  the  lower  limit  of  his  Bolonian  must 
in  this  country  be  drawn  in  the  midst  of  clays,  where  some  intro- 
duction of  new  species  commences  ;  but  he  adds  :  **  This  takes 
place  at  no  very  well-defined  line ;  so  that  the  limit  must 
remain  open."  In  commenting  on  this  subjecl,  Mr.  Hudleston 
said  he  could  not  agree  with  Prof.  Blake  in  absorbing  this  upper 
part  of  the  Kimeridge  Clay  into  his  "  Bolonian." f 

As  the  term  Bolonian  is  no  universal  remedy  for  the  difficulties 
of  Portlandian  classification,  it  seems  best  to  adhere  to  the  strati- 
graphical  divisions  found  in  this  country,  and  to  adopt  the 
following  grouping : — 

*  Quart.  Journ.  Geol.  Soc,  vol.  zxxrii.  pp.  567,  580,  584.  See  also  vol.  xxxvi. 
p.  196,  where  the  name  "Boulognian  ''  is  introduced  (1880). 

t  Geol.  Mag.,  1888,  p.  469. 

X  Quait.  Journ.  Geol.  Soc.,  vol.  xxxvii.  p.  587.  Bononia  if  the  Latin  name  of 
Boulogne. 
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Purbeck  Beds. 

Upper  Portland  Beds         -(         Portland,     Tisbury,     and 
'^'^  \  bwmdon  Stones. 

Lo^yer  Portland  Beds         -|         Portland   Sand     Swindon 

L  and  Hart  well  Clays. 

KiiDenJge  Clay. 

By  employing  the  terms  Upper  and  Lower  Portland  Beds  we 
get  over  the  awkwardness  of  calling  the  Swindon  Clay  and 
Hartwell  Clay  "  Portland  Sands." 

With  regard  to  the  Lower  Portland  Beds,  they  shade  downwards 
into  the  Kimeridge  Clay,  and  in  many  respects  their  fossils  are 
closely  connected.  In  fact,  the  Portland  Sands  bear  much  the 
same  relation  to  the  Kimeridge  Clay  below,  as  do  the  Kellaways 
Rock  to  the  Oxford  Cloy,  and  the  Midford  Sand  or  Midford  Beds 
to  the  Upper  Lias  Clay.  If  Portlandian  conditions  commenced 
earlier  in  France  than  they  did  in  this  country,  that  seems  na 
reason  for  modifying  our  nomenclature,  for  calling  part  of  our 
Kimeridge  Clay  *'  Portlandian,"  or  for  burdening  our  Tables  of 
Strata  with  another  name,  '•'  Bolonian."  In  fact  I  quite  agi'ce  with 
Prof.  Blake,  when  in  speaking  of  the  Portland  Sand,  he  says  it 
may  represent  "  a  period  which  may  have  varied  in  absolute  time 
from  spot  to  spot.''* 

The  Portland  Beds  are  essentially  marine  accumulations. 
Indications  of  estuarine  conditions  have  been  considered  to  occur 
in  the  so-called  '*  Ct/rena-heds "  of  the  Vale  of  Wardour ;  but 
the  nature  of  the  genus  is  not  very  clear,  for  it  has  been  referred 
not  only  to  Ci/rena,  but  also  to  Cytherea  and  Astarte.^(  Mr.. 
Hudleston  observes  that  the  "  shell  being  frequently  associated 
with  Centhiiim,  represents  a  peculiar  estuarine  condition,  which 
was  the  precursor  of  the  Purbecks.^t  Neritoma  and  Corbula  which 
also  occur  may  be  taken  to  afford  similar  testimony. 

The  Portland  Beds  are  exposed  only  over  limited  areas  in  this 
country,  owing  to  the  great  Cretaceous  overlaps.  They  are  seen 
in  portions  of  South  Dorsetshire,  Wiltshire,  Oxfordshire,  and 
Buckinghamshire,  and  they  have  been  proved  below  groimd  itt 
Sussex  and  Kent,  Over  the  northern  parts  of  Dorsetshire  their 
outcrop  is  concealed,  but  the  beds  are  probably  continuous  under- 
ground beneath  the  Dorsetshire  and  Wiltshire  downs,  except  where 
shifted  as  near  Upway  by  pre-Cretaceous  faults.  The  outcrop  is 
seen  in  the  Vale  of  Wardour  and  again  near  Devizes.  At  Swindon 
the  beds  exposed  may  form  part  of  an  outlier ;  and  further  on  in 
Oxfordshire  we  find  straggling  outliers,  and  perhaps  part  of  the  main 
outcrop  extending  onwards  to  Aylesbury.  The  beds  may  continue 
underground  through  parts  of  Bedfordshire  and  Cambridgeshire, 
for  their  northerly  extension  is  indicated  by  derived  fossils  in  the 
Lower  Greensand  of  Brickhill,  Wicken,  &c.  At  the  base  of  the 
Spilsby  Sandstone  of  Lincolnshire  we  note  the  occurrence  of 
Portlandian  fossils,  but  the  relation  of  the  Sandstone  to  the 
Kimeridge  Clay  is  one  of  unconformity,  suggesting  the  derivation 

*  Quart.  Journ.  Geol.  Soe.,  vol.  xzzvi.  p.  284. 

f  Sto  Supp.  to  Damon's  Geology  of  Wejmoath,  platts  7  and  19. 

X  Proc.  Qeol.  Assoc.,  vol.  rii.  p.  170. 
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of  the  fossils.     Still  further  north,  ia  Yorkshire,  the   Portland 
Beds  maj  be  similarly  represented,  but  these  and  the  succeeding 
Purbeck  strata  were  formed  under  conditions  different  from  those 
in  the  area  to  the  south,  and  more  akin  to  the  Volgian  Beds  of 
Russia. 

Zones* 

With  regard  to  zones  Oppel  (1856-58)  included  the  Portland 
Stone  in  his  Kimeridge  group,  and  marked  it  as  the  zone  of 
Ammonites  giganteus  and  Trigonia  gibbosa^  associating  with  doubt 
the  Portland  Sand.  Renevier  (1874)  included  the  "Kimmeridgian," 
Portlandian,  and  Purbeckian  in  his  Portlandian  group,  a  compre- 
hensive group  equivalent  to  the  Tithonic  of  some  authorities.  The 
Tithonic  formation  of  Oppel  (1865)  included  the  probable  equiva- 
lents of  the  uppermost  part  of  our  Kimeridge  Clay  and  higher 
beds  that  shaded  up  into  the  Neocomian ;  in  mass,  however,  it  mainly 
represented  strata  on  the  horizon  of  our  Portland  and  Purbeck 
Beds.*  The  Tithonic  formation  is  therefore  practically  equivalent 
to  the  Volgian  Beds  of  M.  Nikitin.  These  divisions  both  in  the 
Sub- Alpine  (Rhone)  region  and  in  Russia  represent  the  deeper- 
water  marine  conditions  of  Portland  and  Purbeck  times. 

The  following  are  the  zones  of  the  Portland  Beds  that  are 
more  generally  adopted,  together  with  a  few  of  the  leading  fossils 
which  are  sometimes  taken  to  indicate  sub-zones : — 

{'        Cytherea  (Cyrena?)  rugosa. 

Ammonites  giganteus     ^*  .™      ..P  i   i    '• 

^  °  ^  Ammonites  boloniensis. 

Trigonia  incurva. 

Trigonia  PellatL 

A  .^        .  J  Carina  Brongniarti. 

Ammonites  g.gas  ^  ^^^^^  bruntutana. 

Astarte  Ssemanni. 
Ammonites  gigas  has  not  been  very  definitely  recorded  from  this 
country,  and  abroad'  the  zone  is  sometimes  separated  and  put 
below  the  zone  of  Cyprina  Brongniarti^  Still  the  ranges  of 
species  in  different  parts  of  the  Continent  seem  so  variable,  it  is 
impossible  to  mark  minor  zones  that  will  hold  good  over  any 
extensive  region.f  All  I  can  attempt  to  do  is  to  note  the  broader 
general  zones. 

Organic  Remains. 

Among  the  fossils  of  the  Portland  Beds  there  are  occasionally 
found  remains  of  Saurians,  including  species  of  CimoIiosaur?is, 
Pliosanrusy  and  Metriorhynchus ;  and  of  the  Cheloniani',  Stegochelys 
and  Fieurosternum,  The  Fishes  include  IschyoduSy  Alesodon,  and 
Lepidotus. 

Ammonites  are  fairly  abundant,  especially  the  large  Ammonites 
giganteus^  of  which  examples  are  obtained  in  considerable  abundance 
at  Portland.  Closely  related  to  this  species,  if  not  a  variety  of  it, 
is  A.  boloniensis,     Belemnites  are  extremely  rare. 

♦  Die  JaraforniatioD.  pp.  725,  727,  807. 

t  Hee  J.  F.  Blake,  (juart.  Jouru.  G^eol.  Soc.,  vol.  xxxvii.  p.  497  ;  see  also  Table  by 
Fox-Strangwajs,  Memoir  on  the  Joraisic  Rocks  of  Yorkshire,  toI.  i.  p.  25. 
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Portland  Fossilb 
Fig.  81.  Fig.  82. 


Fig.  81.  AmmomteB  giganteiis,  Soio.  i- 
„     82.  Cerithinm  portlandicnm.  Son;,  Nut.  size  (cost). 
„     8'j.  Cardiam  diaaimile,  Sow.  i- 
„     8i,  Trigonia  gibbosft.  Sow.  J. 
„     85.  Fema  mytiloides.  Lam.  }. 
„     86.  Pecten  lotmellosne,  Soic.  }. 
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POHTLAND  Fossils. 
Fio.  87.  I'IG. 


Fic.  87.  Lacina  portlandicft,  Sow.  j. 
„     88.  Cjtbereft  (Cyrena?)  ragosa,  Sow.  N&t.  e 
„     89,  Cyprina  elongnta,  Skike.  Kat.  size. 
,,      90.  Eiogyra  brantratana,  ThuTtti.  2. 
.,     91.  iBastnea  oblonga,  F?p»i.  9. 
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Many  of  the  Portland  Stone  fossila  have  lost  their  shells  and 
onlj  casts  or  moulds  are  preserved,  as  in  the  Portland  ^'  Roach." 
Layers  of  this  character  occur  on  different  horizons  in  the  Upper 
Portland  Beds.  Thus  the  shells  of  Cerithium,  Neritoma^  Trigonia, 
Sue,  are  removed^  but  Pecten  and  Ostrea,  where  present^  retain  their 
shelly  matter. 

The  more  abundant  fossils  are  noted  in  the  accompanying  list. 
The  Portland  Sands  do  not  as  a  rule  afford  a  rich  field  for  the 
collector,  but  fossil-beds  occasionally  occur,  as  at  Swindon  and 
Brill,  from  which  Ammonites,  Pecten,  Mytilus,  Exogyra  bruntrutana, 
Tkracia,  Trigonia,  &c.,  may  be  obtained.  Brachiopoda  and 
Crustacea  are  rare  in  the  Portland  Beds :  of  the  latter,  remains  of 
Eryma  and  GlypJiea  have  been  foimd.  No  species  of  Polyzoa 
are  recorded ;  Kchinoderms  are  occasionally  obtained. 

One  Coral,  the  Tisbury  Star-coral,  Isastrcea  oblonga,  has  been 
found  in  some  abundance  in  the  Vale  of  Wardour ;  and  rarely  in 
the  Isle  of  Purbeck.  It  occurs  in  the  Chert.  Calcareous  examples 
are  not  met  with  in  England,  but  they  occur  in  the  Upper  Oolites 
of  Sutherlandshire.    Sponge-remains  are  also  found.   (See  p.  1 87.) 

Remains  of  Plants  (Araucarites)  are  but  seldom  obtained. 

The  more  abundant  and  noteworthy  fossils  of  the  Portland  Beds 
are  as  follows  : — 

Lower  Upper 

Beds.  Beds. 

Ammonites  biplex             .  -  .  l  2 

— —  boloniensis  -----  2 

— —  giganteus  (Fig.  81)-  .  .  _  2 

Buccinum?  an^atum      -  -  -  -  2 

Cerithium  pordandicum  (Fig.  82)  -  -  2 

Natica  elegans      -            -  -  -  1  2 

incisa           -             -  -  -  1  2 

Neritoma  sinuosa ...  -  -  2 

Pleurotomaria  rugata        -  -  -  1  2 

Cardium  dissimile  (Fig  83)  -  -  1  2 

Cyprina  elongata  (Fig.  89)  -  -  1  2 

-implicata      -             .  -  -  1  2 

Cytherea  rugosa  (Fig.  88)  -  -  -  2 

Exogyra  bruntrutana  (Fig.  90)  -  -  1  2 

Lucma  portlandica  (Fig.  87)  -  .  -  2 

Ostrea  ezpansa    -             •  -  -  -  2 

solitaria       .             -  -  .  i  2 

Pecten  lamellosus  (Fig.  86)  -  -  1  2 

Perna  Bouchardi  -            -  -  -  1  2 

— —  mytiloides  (Fig.  85)  .  .  -  2 

Pleuromya  tellina              -  -  -  1  2 

Voltzi          -             ...  1  2 

Thracia  tenera      .            .  .  .  i  2 

Trigonia  gibbosa  (Fig.  84)  -  -  1  2 

incurva        -             .  -  -  l  2 

Pellati          -             -  .  .  i  2 


Isastraea  oblonga  (Fig.  91) 


N  2 
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Microscopic  Structure  oj  Portland  Rocks. 

Mr.  Teall  examined  microscopic  sections  of  the  oolitic  freestone  (Whit 
and  Base  Beds,  Portland;  and  the  Top  and  Under  Freestones,  Winspit, 
St.  Alban's  Head).  These  showed  oolitic  grains,  pellets,  and  organic 
firagments,  with  some  G|nartz  ^^ins  (excepting  in  Whit  Bed).  The 
matrix  was  clear  crystalline  calcite  (Whit  ana  Top  beds),  or  of  a  grannlar 
or  mixed  natnre  (Base  and  Under  beds).  The  oolitic  grains  on  the  whole 
were  not  very  clearly  defined,  the  concentric  structure  being  apparently 
obliterated  in  some  cases  (Top  bed)  and  obscure  in  others  (Base  bed). 
There  were  no  indications  of  raoiate  structure. 

The  Upper  Building  Stone  of  Ohilmark,  ntor  Tisbury,  contains  well- 
marked  oolitic  grains,  which  often  contain  quartz  grains,  and  have  no 
(cementing  material.*    (See  also  p.  312.) 

llie  chalky  limestones  of  Upway,  Portisham,  and  Brill  consist  of  fine- 
grained granulai'  calcareous  matter;  and  in  the  Portisham  rock  there 
were  small  and  often  round  patches  of  colourless  crystalline  calcite. 
Other  earthy  limestones,  from  ureat  Milton  and  Whitchurch,  showed  fine- 
grained granular  and  crystalline  matrix,  with  organic  fragments.  Small 
quartz  grains  occur  in  the  Whitchurch  rock,  and  oolite  grains  at  Great 
Milton. 

A  green  marly  rock  from  Brill  showed  round  (but  not  rolled)  grains  of 
l^lauconite,  together  with  organic  fragments  and  quartz  grains,  embedded 
in  a  fine-grained  granular  calcareous  matrix. 

A  specimen  of  silicified  oolite,  which  I  obtained  from  the  Dancing  Ledge 
quarry,  St.  Alban's  Head,  is  a  fine  white  oolitic  rock,  closely  resembling 
an  ordinary  oolitic  limestone,  but  not  efibrvescing  with  acid.  It  consists 
of  obscure  oolitic  grains  or  pseudomorphs  after  oolitic  grains,  and  also 
of  sponge-spicules  of  a  coarse  branching  t^^  now  formed  of  a  colourless 
chalcedony,  and  having  traces  of  their  axial  canals  sometimes  preserved. 
The  matrix  appears  to  be  largely  formed  of  deeply  coloured  opal  or 
chalcedony.  This  forms  zones  around  the  oolitic  grains,  thus  leaving 
small  irregular  areas  with  cusp-like  proiections,  which  are  now  occupied 
by  colourless  chalcedony ;  sometimes  it  nils  up  the  interspaces  entirely. 

The  concretionary  sandstone  of  Shotover,  a  grey  calcareous  and  shelly 
sandstone,  showed  rounded  and  more  or  less  angular  grains  of  quartz 
cemented  by  calcareous  matter. 


Chert 

The  Chert,  as  seen  in  the  Portland  Beds  of  Portland,  ocours 
sometimes  in  even,  more  commonly  in  irregular,  bands ;  occasionally 
in  smooth  lenticular  masses  ;  and  often  in  isolated  nodules.  The 
nodules  as  a  rule  are  not  so  distinct  as  the  flints  of  the  Chalk,  but 
end  off  in  jagged  outlines.  The  chert  is  often  shattered.  Cases 
are  met  with  where  the  Chert  appears  as  inclined  bands  or  ribs, 
in  parallel  bands  cutting  across  the  bedding,  as  in  cliffs  below  the 
Lighthouse  on  Portland,  and  again  at  the  western  end  of  Gad 
CM,  near  Worbarrow. 

In  an  example  of  chert  from  the  freestone-beds  at  Winspit, 
St.  Alban's  Head,  Mr.  Teall  observed  a  few  angular  grains  of 
quartz,  but  the  main  mass  consisted  of  chert  containing  sponge- 
spicules  with  which  some  calcareous  matter  was  associated. 

A  specimen  of  chert  from  Tisbury,  examined  by  Mr.  Teall, 
showed  irregular  patches  of  chalcedonic  silica  with  radial  and 

*  Sec  also  Memoir  on  the  Lower  Oolitic  Kocks  of  England,  p.  12  ;  and  Sorbj, 
Quart.  JouTD.  Qeol.  Soc,  toI.  xzzt.  (Pioc.)»  p«  80. 
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concentric  (agate)  structure.  Another  example  showed  sponge- 
«picu1e3  and  quartz  grains.  Spicules  of  Pachastrella  were 
identified  by  Dr.  Hinde>  both  from  this  rock  and  from  that 
of  Winspit. 

Examples  of  chert  or  '*  Portland  flint  *'  from  the  Chalky  series 
of  Chilmark  Quarry  were  described  some  few  years  ago  by  Mr. 
Hudleston.  He  found  shell  fragments,  sponge-spicules,  and 
occasional  oolitic  granules  in  an  opalescent  ^ound-mass — in  one 
case  there  was  an  inlet  of  agate  silica  and  a  ^Make  "  of  quartz.  He 
concluded  that  the  **  Portland  flints  "  were  formed  by  the  replace- 
ment of  limestone  by  silica.*  This  view  is  supported  by  the 
flilicified  oolite  before  mentioned.  At  Tisbury  the  Portland  Beds 
yield  chert  that  is  oolitic. 

Dr.  Hinde  has  remarked  that,  ''  From  the  Portland  beds  no 
entire  fossil  sponges  are  as  yet  known,  but  in  some  of  the  chert 
nodules  in  the  limestones  on  the  Isle  of  Portland  and  at  Upway, 
near  Weymouth,  there  are  numerous  detached  spicules  of  Pachas- 
trella antiquay  Moore,  sp.,  and  of  Geodites,  sp.,  thus  showing  that, 
in  part  at  least,  the  chert  of  these  rocks  is  derived  from  sponge 
reraains.^t 

*  Proc.  Geol.  Arsoc.  vol.  vii.  pp.  183, 184,  and  Plate  1.  figs.  2-6. 
t  British  Jurasiiic  Sponges,  p.  193. 
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CHAPTER  XI. 
Portland  Beds. 
Local  Details. 

Isle  of  Piirbeek, 

The  Portland  Beds  are  well  shown  in  the  cliffs  between  Durlston 
Head  and  St.  Albans  (St.  AldheWs)  Head,  on  the  south-east 
coast  of  Dorsetshire.  The  sea  all  along  beats  directly  against  the 
cliffs,  so  that  the  beds  can  be  beet  studied  with  the  aid  of  a  boat. 
Here  and  there  we  find  natural  caverns  and  fissures  in  the  rocks, 
and  there  are  a  number  of  quarries  where  the  **  Purbeck-Portland 
stone "  has  been  worked.  The  lower  beds  exhibited  are  dark- 
brown  ragged-looking  cherty  rocks,  above  these  come  the  freestones, 
which  have  a  white  appearance  in  the  upper  part,  and  these  arc 
surmounted  by  irregular  and  undulating  layers  of  grey  limestone 
that  form  the  base  of  the  Purbeck  Beds,  or  a  *'cap"  to  the 
Portland  Beds. 

The  general  section  of  the  Portland  Beds  may  be  stated  as 
follows : — 

Ft.       Ft. 

TT ^^  -D«j„       /  Freestone  Series      -  -  -      40  to    60 

Upper  Beds.      |chertyBeds.  -  -  -      60  to    75 

LoTver  Beds.         Sands,  &c.    -  -  -  -    120  to  170 

The  most  easterly  exposure  of  the  Portland  Beds  is  at  Durlston 
Head,  on  the  eastern  side  of  which  the  Portland  Stone  appears 
beneath  the  Lower  Purbeck  Beds.  The  junction  is  somewhat 
obscure,  owing  to  the  disturbed  character  of  the  beds ;  moreover, 
the  Portland  Rocks  themselves  are  much  weathered  and  encrusted 
with  marine  organisms.  The  beds  are  faulted,  with  a  downthrow 
to  the  north,  so  that  at  the  headland,  the  chert-beds  below  the 
Portland  freestones  appear.  This  fault  is  again  seen  west  of 
Durlston  Head,  where  the  Lower  Purbeck  "  caps  "  are  let  down 
on  the  west  against  the  Portland  freestones. 

Passing  Tilly  Whim  and  Anvil  Point,  we  find  another  fault 
below  the  lighthouse  with  a  downthrow  of  10  or  15  feet  on  the  west, 
and  again  a  slight  fault  further  west,  with  also  a  western  down- 
throw. Many  other  faults  may  be  seen  in  the  cliffs  as  we  proceed 
westwards,  and  these  ai'e  noted  in  a  section  of  the  cliffs  which  has 
been  drawn  by  Mr.  Strahan. 

The  beds  may  be  examined  at  Tilly  Whim,  where  the  old 
*'  caves "  show  the  extent  to  which  the  freestones  were  formerly 
quarried,  up  to  about  the  year  1811.  The  name  **  Whim"  is  said 
to  denote  the  crane  or  other  contrivance  used  for  raising  and 


Ft. 

In. 

8 

0 

21 
11 

0 
0 

26 

0 

16 
21 

0 
0 
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lowering    ihe-  blocks    of    etone.*     The    strata    exposed   are  as 
follows: — 

§ 

Brown  oolitic  limestone ;  with  Oyster-bed,  yielding 
Peviia  Bowhardi,  &c.      -  -  -  -  - 

Oolitic  limestones,  much  sub-divided,  with  occasional 
lenticular  patches  of  chert;  and  with  shelly  bed  near 
base  ..-.-.- 

Thick  bed  of  oolitic  freestone  -  -  -  - 

Cherty  beds :  limestones  with  irregular  bands  and 
nodules  of  chert  ----.- 

Limestones  with  occasional  nodules  of  chert: 
Ammonites  cfiganteiis,  Pecten,  (JBtrea,  Strpula    - 

Limestones  with  irregular  bands  and  nodules  of  chert    -    21 

The  thicknesses  were  measured  by  H.  W.  Bristow,  It  was 
<»vidently  the  lower  or  under  Ireestone  of  other  parts  of  this  coast 
that  was  here  worked. 

The  upper  Portland  beds  were  well  shown  in  the  quarry  at 
Dancing  Ledge,  so  called  on  account  of  a  platform  of  cherty 
limestones,  over  which  the  breakers  dash.  Above  these  cherty 
beds  about  30  feet  of  freestone  is  exposed  in  the  quarry,  overlaid 
by  a  few  feet  of  irregular  Purbeck  strata.  The  freestones  are 
separated  roughly  into  an  upper  and  lower  division  by  an  irregular 
cherty  layer.  The  upper  beds  exhibit  a  good  deal  of  false-beddin«;, 
and  they  are  much  broken  up  near  the  surface.  Irreijular  sparry 
veins  traverse  the  rock.  The  stone  consists  of  oolitic  limestone, 
and  there  are  layers  of  compact  white  limestone.  Ammunites 
(jiganteus  22  ins.  in  diameter  occurs. 

Passing  Headbury  (or  Edboro)  Quarry  and  Cliff  Field  Quarry 
cast  of  Seacombe,  we  come  to  the  Halsew^ell  Quarry  on  the  western 
side  of  Seacombe,  so  named  after  a  vessel  that  was  wrecked  there 
in  1786.     Here  much  stone  is  quarried  and  mined.     The  section 


siiowed  the  following  beds  : — 


Ft.  In.    Ft.  In. 


Pale  rubbly  oolite,  much  weathered  and  broken 
up. 

Oolite  with  iiTegular  cherty  layers  -  -     12    0  to  15    0 

Bands  of  hard  white  cherty  limestone 

Massive  oolite  in  5  or  6  beds  of  varying  thick- 
ness, with  fossils  here  and  there :  Ammonites 
(jiganteiiSf  Osirea,  Trigonia  in  shoals;  near 
base  lenticular  masses  of  cherty  oolite  J 

Chert}'  limestones  -  -  -  -  -  -40    0 


r 


18    0 


The  chert  occurs  mostly  in  irregular  ncdules  m  the  mass  of  the 
beds,  but  here  and  there  it  is  found  in  more  or  less  continuous 
layers  along  the  partings  of  the  rock-beds. 

The  occurrence  of  a  white  cherty  oolitic  layer  is  of  interest. 
(See  p.  186.)     Bands  of  oolitic  chert  occur  also  at  Tisbury. 

*  See  T.  Webster,  in  Englefield's  Isle  of  Wight,  p.  174  ;  and  Robinson,  A  Royal 
Warren  or  Picturesque  Rambles  in  the  Isle  of  Purbeck,  1882,  pp.  94,  95. 
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Fia.  92. 

Section  at  U'inspit  Qiearn/,  St.  Allan's  Heail. 

(From  a  photogmpli  by  A.  Stkahak). 
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The  quarry  at  "Winspit  (or  WiDdspit)  further  west  affords  the 
bcBl  section  of  the  strata  along  thU  part  of  the  coast.  It  was  ns 
follows : — 

Fi.  Ix. 
r  In-c-giilur  linieatonea  ond  clajs.     (Burr. 
I     Ac.)      ■  -  -  ■  .40 

Fine-grained  TChite  limestone,  fonuerlj' 

burnt  for  lime :  SffBisir  Stohe  -       8       0 

Hard  grey  limestone,  with  Peyiia 
Sovchai-di,  Ac.  Dnrable  Btone,  used 
for  gate-guistB,  Ac.  The  Bhells  staiirt 
out  ID  relief  aft«r  long  exposure  of 
blocks ;  Blce  Siose    -  -  -      ii      0 

Oolitic  limestone.     Best  atone  :    Tof. 

( or  P<)SD  FiiExsTONE     -  -      7      0 

Bed  with  white  flints  :  Flist  Stose     -      4      0 

Soft  freestone,    NistBkd  2      0  to      4      0 

Coarse  Limestone  with  •  Ammonit'-e 
giyanteut.  Stone  used  for  break, 
waters,  not  so  workable  as  other 
beda ;  Hoc.sE  Cap  -  .    5      0  to      li      0 

Hard  stone  with  lenticular  white  cherty 
stone  ;  lias  to  be  blasted  out :  Under 
PicKiSG  Oaf  -  -    2      0  to      3      (1 

Oolitic  limestone,  good  stone,  used  for 
einla.  cnrbatone,  &c. :  Usder  Fkke- 

Cherty  stone,  known  as  the  "Cuff 
Bf.ds  "  in  distinction  fi-om  the  Free- 
stone series  tenncd  local!  j  the 
"  Tklakd  Beds." 
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The  "  Shrimp  Bed,"  according  to  Mr.  HndleBton,  is  bo  called  from  the 
Quantity  of  remains  of  a  small  Grnstacean.*  It  is  sometimes  9  or  10  feet 
tnick.  The  '*  Blue  Stone  "  below  is  evidently  the  representative  of  the 
Oyster  Bed  of  Tilly  Whiih.  Trigonia  gibhosa  occurs  at  varions  horizons 
here  and  there  in  bands  in  the  freestone  beds. 

In  the  higher  part  of  Benscombe  the  Upper  or  Pond  freestone  is 
obtained  by  open  work  and  the  Under  freestoue  by  galleries.  The  Upper 
freestone  has  also  been  worked  at  the  London  Doors  Quarry,  north  of 
Encombe  House :  there  the  top  bed  of  Portland  stone  is  a  white  limestone ; 
the  beds  are  much  shattered.  The  Lower  Portland  Beds  were  shown  in  a 
small  quarry  above  Kimeridge  village,  where  the  cherty  rocks  rest  on 
sands  with  doggers  and  beds  of  sandy  limestone. 
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The  general  section  of  the  beds  at  St.  Alban's  Head,  given  by- 
Prof.  Blake,t  niay  be  compared  with  that  of  Winspit  : — 

'  Ft.  Lt. 
Purbeck.         Botryoidal  limestone  and  shale. 

'Creamy  limestone,  with  Trigonia 

gtbhosa,      Pecteti     lamellosus, 

Waldheimia  holoniensis  ? 
Boach,  with  casts  of  Trigonia, 

and  Pema  mytiloides    - 
Oolite  with  Pema 
Sub-oolitic  rock  with  chert,  and 

Trigonia  .  .  - 

Band  of  cherty  rock        -    2    6  to  4 
Coarse-grained  sub-oolitic  rock, 

with    Trigonia    and     broken 

shells    -  •  -  -    8 

Fine-grained  sub-oolitic  rock, 
with  few  fossils,  rather  cherty 
towards  base     -  -  -  10 

Brown  sandstone  -  -    1 

Cherty  beds,  with  fucoids,  fi^er- 
mda  gordialis,  and  Ammonites 
ooUmiensia        -  -  -  16 

^Cherty  beds         -  -  -  50 

Sandy  marl  with  indurated 
blocks  of  sandy  cement-stone  : 
Ammonitee  biplex,  MytUus 
aiUi88io4oren8i8,  Pecien  aolidust 
Trigonia  incurva,  T,  Pellati, 
&c.        -  -  -  -  39    0 

Hardy  sandy  marl  with  small 
cement-stones ;  Exogyra  hrun 
irutana 
Cement-stone,    7%racia    ienera, 

&c.        -  -  - 

Indurated  sandy  marl,    Bhyn^ 

.      choneUa  porilandica 

Cement  stone      ... 

Passage-beds  (  Sand    and   marly    beds,    with 

and        J     indurated       bands       passing 

Kimeridge  ]      downwards  into    the     Kime* 

Clay.  ndge  Clay,  with  iytn^Za  ovalie 

(^    about  40  leet  from  base,  about  126 


Lower 

Portland 

Beds. 


SJ 


1 

>=Cli 


Cliff  beds. 


42 


-    2 


30 
5 


0 

0 

0 
0 


*  Proc.  Geo).  Asfoc,  vol.  vii.  pp.  381,  382. 

t  (^oart.  Joum.  Gtol.  Soc,  toI.  xzxri.  pp.  194,  &c. 


192  .UFFEB  OOUTIC   SOCKM   OF   ENGLAND; 

At  Eacombe  Point,  above  Chapman's  Pool  (West  Hill),  the 
clifTe  diow  the  followiog  general  section  : — 
^''^rS'*''"*^  }  Hai^  bedB  of  cherty  stone. 

(Sande  (thin), 
goft  marlj  sandstone. 
Qrey  aad  greeniah-greT  Bandy  and  marly 
beds,  with  occasionu  indnrated  bands. 
Thick  band  of  ehaly  catoareoue  sandstone. 
Shales  and  marls,  mottled  bine  and  brown, 
with  thin  indnnited  bands  and  uoduleB 
(passage  beds). 
Kimeridge  Olay.     Bine  clays  with  occasional  cement- stones. 
The  thickness  of  the  Lower  Portland  Beds  appears  to  be  about 
I  To  feet.     FittOD  in  bis  account  of  Emmit  Hill  gave  a  lesser 
thickness  of  120  to  140  feet  for  these  beds.* 

FlQ.  93. 
Section  at  Odd  Cliff,  Isle  of  Purbeck. 


The  Portland  Beds,  while  maintaining  a  gencriU  northerly  dip, 
are  bent  into  n  gentle  anticline  between  Emmit  Hill  and  tiod 
Cliff.  Swyre  Head,  to  the  souih-east  of  Encombe  House,  le  one 
of  the  highest  points  in  Purbeck  Isle,  rising  to  an  elevation 
of  over  660  feet.  It  consists  of  I'ortland  Sanda,  surmounted  by- 
Portland  Stone. 

Proceeding  westwards  we  come  to  the  grand  exposure  of 
Portland  Beds  in  Gad  Cliff.  The  junction-beds  with  the 
Kimeridge  Clay  are  to  be  seen  in  the  cliffs  above  Brandy  Bay, 
and  here,  at  the  eastern  end  of  Gad  Cliff,  huge  doggers  of 
calcareous  grit  are  scattered  with  the  talus  at  the  foot  of  the 
cliffs.  The  indurated  bands  in  the  Portland  Sands  become 
thicker  and  more  prominent  as  wc  trace  the  beds  westwards. 
(See  Fig.  93.) 

*  Irani.  Geot.  Soc,  ser.  S,  toI.  ir.  p.  111. 
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The  Portland  Stone-beds  are  not  very  accessible,  but  on  the 
under  surfaces  of  some  of  the  layers  large  Ammonites  may  be 
discerned.  The  beds  break  away  in  huge  rectangular  masses. 
The  cherty  series  which  forms  the  most  prominent  portion  of  the 
rugged  cliffs,  contains  two  bands  of  pale  limestone,  the  lower  of 
which^  like  certain  layers  in  Portland,  contains  oblique  bands  or  ribs 
of  chert.     Beneath  the  cherty  rocks  (6)  we  find  in  succeasion  : — 

T  ["5.  Buff  sandstone,  mnch  honeycombed,  and  very  dark 

p    XI     J  in  places. 

Bed^"    <  ^'  ^^^®  ^^^  yellow  marly  sands. 
130  fet    I        Bine  and  bnff  eandy  marl  with  hard  nodnlar  beds  and 
mor  occasional  persistent  bands  of  calcareous  sandstone. 

^'  L2.  Bluish-grey  calcareous  sandy  shales  (Passage-beds). 
Kimeridge  Clay.    1.  Dark  blue  clay. 

It  is  interesting  to  note  that  specimens  of  the  Tisbury  Star- 
coral,  Isastrcea  oblongoj  have  bfeen  found  in  blocks  of  chert  at  this 
locality,  although  it  is  far  from  abundant.  In  the  sands  we  find 
Ammonites  biplex^  Exogyra^  &c. 

The  pedestrian  may  be  warned  not  to  proceed  westwards  along 
this  coast  in  the  hopes  of  reaching  Worbarrow  Bay.  Not  many 
would  be  tempted  to  proceed  very  far,  for  there  is  no  track-way, 
and  progress  has  to  be  made  over  and  between  huge  tumbled 
blocks  of  rough  rock ;  finally,  there  is  no  means,  except  by  boat, 
of  reaching  the  cove  by  Worbarrow  Knob,  as  the  sea  dashes  up 
aorainst  the  clifis  for  some  distance  east 

The  top  beds  of  the  Portland  Stone  are  seen  at  Worbarrow 
Knob,  and,  as  at  Durlston  Bay,  they  are  compact  limestones. 
Bristow  has  recorded  Ostrea  and  Cardium  dissimile ;  and  from 
lower  beds  of  oolitic  limestone  large  forms  of  Ammonites  giganteus, 
&c. 

The  Portland  Beds  are  again  met  with  east  and  west  of 
Lulworth  Cove,  fringing  the  cliffs.  At  Mupe  Bay  the  top  bed 
of  Portland  Stone  is  a  compact,  cream-coloured  shelly  and  oolitic 
limestone,  with  Trigonia,  something  like  the  *'  Roach  *'  of  Port- 
land. The  freestone  below  contains  Ammonites  giganteus,  and  in 
the  limestone  with  bands  of  flint  Pecten  lamellosus  occurs.  Lower 
down  limestones  with  8  or  9  bands  of  chert  occur.  Altogether 
some  45  or  50  feet  of  Portland  Beds  are  exposed.         * 

To  the  west  of  Stare  Cove  or  Stair  Hole  traces  of  Portland 
Sands  were  observed  by  Fitton,*  and  their  occurrence  was  noted 
by  Bristow  in  the  headland  known  as  Dungy  (Horsewalls  or 
Dungeon)  Crags,  which  form  the  eastern  horn  of  the  bay  in 
which  Man  of  War  Cove  is  situated.     (See  p.  258.) 

Ringstead  Bar/y  Upway^  and  Portisham. 

^  In  the  clifis  below  South  Holworth,  on  the  eastern  side  of 
Bingstead  Bay,  we  have  the  following  section  of  the  Lower 
Purbeck  and  Portland  Beds,  which  here  dip  at  an  angle  of  37°  N. 
5°  E. :— 

♦  Trans.  Gcol.  Soc,  ser.  2,  toI.  iv.  p.  211. 
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XTPPEB  OOLITIC  BOCKS  OF  ENGLAND  : 


Ft.   Ik. 


6      0 


Lower  Purbeck 
Beds. 


6 
1 

0 


0 


Upper  Portland 
Beds. 


Creamy  limestones  and  shales  - 1 

Hard  marls,  sandy  and  oolitic  beds,  > 
with  one  or  two  bands  of  chert        -  J 

Fissile    limestones    (resembling    the 
Slatt  or  Slate  of  Portland)   - 

Hard  cream-colonred  marl 

Thin  irregular  dirt  layer 

Hard  irregnlar  bituminous  limestone 
(Purbeck  Cap)  .  -  - 

Dirt-bed   with    irregular    calcareous 
seams  .... 

Irregular   decomposed    sandy    lime- 
stone -  -  -  -  - 

Laminated     clay    and     dirt.     Fish- 
remains  .... 

Compact  bituminous  limestone,  sandy 
at  top,  with  caste  of  Cyrena 
^  Irregular  bed  of  limestone  with  castsl 
and  moulds  of  shells  **  Roach."  |  12 

Chalky  limestone  with  Pecten  lamel-  ^     to 
lostuf,  Cardium  dissimile,  &c.  I  15 

Oolitic  limestone  and  Boach.  J 

Cherty  beds,  white  sandy  oolite  and 
Eoach ;  with  Amjnonites       -   about    28 


0 
2 
1 

6 


0 


0 


0    10 


0 


Lower  Portland 
Beds. 


0 


3 
3 

8 
5 


0 
0 
4 


0 
0 


-    10      0 


-    40      0 


Kimeridge 


Nodular  creamy  marls  with  Ostrea 

Blue  and  creamy  marls 

Earthy  and  sandy  limestones,  nodular 
in  places        -  -  -  - 

-^  Greenish-grey  marly  beds 

Calcareous  sandstones  with  Exogyra, 
Ostrea,  and  Trigonia 

Blue  and  yellow  mottled  sandy 
clays  -  -  -  - 

Shales,  in  upper  part,  with  con- 
spicuous '*  white  oed"  as  at  Gad 
Cliff,  and  lower  down  with  septaria 
and  cement-stones. 

This  Bection  is  of  considerable  interest  as  affording  evidence  of 
the  change  undergone  by  the  Portland  Bocks  when  we  trace  them 
westwards  to  Upway  and  Portisham.  They  differ  considerably 
from  the  beds  at  St.  Alban's  Head  and  Portland,  in  the  absence 
of  the  workable  beds  of  freestone,  which  are  replaced  by  beds  of  a 
very  chalky  character.  In  this  area  the  beds  are  subject  to  rapid 
changes  in  thickness,  as  well  as  in  the  character  of  the  individual 
layers. 

Very  chalky  Portland  rock,  white  or  creamy  in  colour,  occurs 
]between  Preston  and  Osmington.  About  12  feet  of  the  stone 
is  exposed  in  a  quarry  south  of  the  road.  The  top  Portland  beds, 
although  disturbed  and  irregular,  show  bedding ;  the  lower  beds 
are  much  broken  up  by  vertical  fissures.  Casts  of  Trigonia, 
Lucina  portlandica,  &c  are  most  abundant  in  the  upper  beds. 

At  Upway  the  Portland  beds  are  worked  in  a  succession  of 
quarries.  They  comprise  beds  so  like  Chalk-with-flints  that  onfy 
an  appeal  to  the  fossils  would  conduce  the  geologist  he  was  not  in 
a  Chalk-pit* 

*  See  also  Fitton,  Trans.  Geol.  Soc,  ser.  2,  toI.  iv.  p.  225 ;  C.  H.  Weston,  Quart. 
Joarn.  GeoL  Soo.»  vol.  iv.  p.  252 ;  and  J.  F.  Blake,  Quart.  Joom.  Geel.  Soc.,  vol. 
xzxvL  p.  19S. 
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FjG.  94. 
Section  at  Upway,  near  Weymouth. 


•I         »      r— -  '    '■' 


Lower  Purbeck 
Beds. 


The  general  succession  at  Upway  is  as  follows  (see  Fig.  94)  — 

Ft.  In. 

9.  Earthy  marl  and  limestones. 

8.  Marl  with  seams  of  chert    -  -      2      6 

7.  White  fissile  and  somewhat  sandy 

limestone,  irregular  -  -      4      6 

6.  Dirt  Bed,  with  stools  and  trunks 

of  trees       -  -  -02  to  10 

Thin  bands  of  limestone  with  Fish- 
remains,  Paludina^  and  Arduso- 
niscus         -  -  -  -      1      0 

5.  Sandy  limestone,  with  black  specks, 
slightly  oolitic,  and  very  shelly 
here  and  there  like  Boach  -      3      0 

4.  White  chalky  limestone  with  chert- 
bands;  Ostrea  and  Pema  abun- 
dant in  upper  bed,  also  Trigonia, 
I/uHna  portlandica,  &c.     - 
.  Chalky  limestone  with  small  nodules 
J  of   chert  scattered    through    the 

"^  middle  and  lower  part 

3.  White  chalky  rock,  with  many 
black  and  white  flint  or  chert 
layers,  Ammonites  -  -  -      7      0 

2.  Hard  crey  and  yellow  sandy  lime- 
stone -  -  -  -      0    10 

1.  White  chalky  rock,  with  shelly 
fragments  in  places  and  a  few 
irregular  flints      -  -  -     10      0 

The  beds  are  subject  to  many  changes  in  thickness  and  character. 
Bed  No.  7  in  the  Purbeck  Series  showed  very  irregular  structure,  and 
other  Purbeck  Beds  were  bent  in  places. 


Upper  Portland 
Beds. 


8      0 


0 
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UPPEB  OOLITIC  BOOKS  OF  ENGLAND  : 


The  general  section  at  Portisham  may  be  noted  as  follows  :-^ 


Pnrbeck  f  ^^*y^»  stoll-linieBtone,  Bauds    - 
Beds    1  G"^^^^^*^  limestones,  &o. 
iseas.    1^  iifarig^  shales,  and  Cap .  .  - 

f  Hard  slightly  oolitio  limestone 
Upper    I  Chalky  series,  with  bands  and  nodules 
Portland*^      of  chert 


Ft.  Iir. 
about    24    0 
about    20    0 
about    22    0 
about      5    0 


Beds. 


Lower 
ortlam 
Beds. 


-    about    23    0 


Earthy  and  shelly  limestone :  Serpulite- 
bed      .  •  -  .  - 

''Soft  beds  (not  seen)       -  -  ." 

Bands,    more    or    less   concretionary, 
of  hard  grey  speckly  limestoues  with 
■D«wi«^;i-/      small  JS7ajoayra 
^1^-1  R^bbly  beds  of  soft  earthy  limestone 
with  casts  of  Cardvum^  &c.     - 
Brown  and  greenish-grey  calcareous 
sands  -  -  -  -  - 


about      6    0 


>about    40    0 


The  basement-bed  of  the  Portland  Stone  yielded  Ammonites, 
Naiicay  Pleurotomaria,  Cardium  dissimile,  and  Trigonia. 

A  well  by  the  farm  north-east  of  the  quarry-ground  was  sunk 
to  a  depth  of  130  feet,  passing  through  about  60  feet  of  Purbeck 
Beds,  and  34  feet  of  Portland  Stone,  into  the  Portland  Sands. 

The  Sands  with  irregular  beds  of  fossUiferous  sandstone  were 
shown  ako  at  Coryales,  east  of  Portisham. 


Isle  of  Portland. 

The  Portland  Beds  of  the  Isle  of  Portland  can  be  studied  in 
detail  in  many  quarries,  and  in  other  exposures  natural  and 
artificial,  while  their  structure  and  appearance  may  well  be  seen 
by  boat 

The  general  dip  is  towards  the  south.  The  highest  ground  on 
which  the  Verne  Fort  is  placed,  rises  to  an  elevation  of  495  feet. 
This  is  formed  of  the  Portland  limestones,*  further  south  these 
are  overlaid  by  Purbeck  Beds  which  extend  southwards  to 
Portland  Bill. 

Beneath  the  stone-beds  at  the  northern  end  of  the  Island  come 
the  Lower  Portland  Beds,  and  then  the  Kimeridge  Clay  which 
forme  the  slopes,  and  whose  slippery  surfaces,  combined  with  the 
action  of  springs  and  the  mrcat  joints  in  the  Portland  stone-beds, 
have  caused  occasional  landslips.     (vSee  Fig.  95.) 

As  the  Lower  Purbeck  Beds  are  so  well  shown  in  connexion 
with  the  Portland  stone-beds  it  will  be  best  to  consider  them 
together. 


*  In  their  Map  of  the  Island,  Backland  and  De  la  Beche  marked  Parbeck  Bedf  in 
tbiBnortbem  part.  Trans.  Greol.  Soc,  ser.  2,  Tol.  iv.  Plate  1.  Great  portions  of  the 
Purbeck  corering  in  the  north  hare  been  remored  in  the  process  of  qoarrjing. 
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U^PBB  OOLITIC  £OC£S  OF   ZSdLASD: 


Tbe  numerous  quarries  and  the  economic  applicationa  of  Torions 
beds  haa  led  to  the  introduction  of  certain  local  tiHineti  well  kuown 
to  every  worker  in  the  Islancl.  Thus  the  general  section  of  the 
bed?  worked  is  as  foltowi : — * 

Pt.  lit.   Ft.  In. 
"Rabble,  &c 


30  feet 


Hard  Slatt  or  Slate  with  Cypridoe 
Clay  band  or  Dirt 
Bacon  Tier  ... 

Clay  band  ... 


3    OtolO    0 


■^  Soft  Burr 
Dirt  Bed  or  Black  Dirt  - 
Top  Cap  (including  Top  Bising  aboat 

1  ft.  6  in».)       - 
Occasional  dirt  seam  with  Cycadea 
SknII  Cap,  with  occuional  Beam    oi 
clay  at  liMa     -  -  -  •    1    6  to    t)    0 

vl^J  Wbit  Bod  -  -  - 

^"i^nCnrf  and  waste- 
■'**™-    LBest(or  BaBe)Bed 

All  the  beds  are  thus  very  variable  in  thickness.  The  strata 
above  the  Dirt-bed  are  known  as  "  Itubbish "  and  "  Head," 
although  some  of  them  have  been  found  Of  local  service. 

The  Portland  Beds  ore  much  jointed,  and  the  joints  extend 
upwards  to  the  Purbeck  "  Caps."  Stulactitic  deposits  (known  as 
"  congealed  water  "  and  "  sugar-candy  ")  are  often  found  in  the 
crevices.  As  a  rule  there  are  no  sur&ce  indications  of  these 
fissures,  some  of  which  are  very  large,  and  no  doubt  they  have 
assisted  in  producing  landslips  on  the  margin  of  the  island. 

The  Roach  forms  the  top  stone  of  the  Portland  Series  in  the 
Island  of  Forlland.  It  is  an  oolitic  limestone,  almost  entirely 
composed  of  the  cast  and  moulds  of  Trigonia  gS>bota  (known  ns 
••Horge-heads)  t  and  Cerithium  partlandicum  (the  "  Portland  Screw"). 
Casts  of  Natica  eUgans,  Neritoma  sinuoia,  Pleurotomaria,  Lucina 
portlandiea,  and  SowerbyaDukei  have  also  been  obtained.  On  the 
surface  of  the  bed  there  are  sometimes  found  irregular  cherty 
.  patches,  and  shells  of  Oslrea  erpama  and  Pecten  lamelhsns  which 
have  not  suffered  dissolution.  Mr.  A.  M.  Wallis  lias  obtiuned  some 
tiny  forms  of  MoUuaca  in  this  situation.     (See  p.  200.) 

South  of  Weston  there  is  nn  upper  brown  and  lower  wliite  Roach, 
and  north  east  of  Rufus  Castle  an  oblique  band  of  chert  traverses 
the  beds. 

The  Roach  appears  to  have  been  formed  by  masses  or  shoals  of 
shells,  for  it  merges  irregularly  downwards  into  the  Whit  Bed, 
while  other  layers  presenting  the  character  of  Roach  occur  some- 
times at  lower  horizons,  Cerithium  portlandicum  appears  to  be 
confined  to  the  uppermost  or  true  Roach. 

•  See  olso  Webster,  Trans,  Geol.  Soc.,  eer.  a,  Tol.  ii.  p,  41  i  and  W.  Gray,  Proc. 
Geol.  Amoc,  vol.  i.  p.  131. 

t  The  name  "  HippoccpliRlniilcs  "  lakcn  from  Ihe  quarrymco't  tenu,  wus  Bppli«d 
by  Plot  to  theie  cuti  of  Trigonia. 
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Fig.  96. 

Section  at  KingbarroWy 
Portland, 


The  Whit  Bed  or  Top  Bed  of  Free«ftone  is  a  fine-ghiitied  oolitic 
limestokie  from  5  to  15  feet  thick,  though  seidont  all  good 
when  of  great  thickness.  It  contains  cotlinntmted  shells^  and  it 
has  been  suggested  that  its  durability  mkj  be  owing  to  the  crysttd- 
lized  carbonate  of  lime  derived  from  the  contained  shells.* 

The  Curf  and  flints  form  a  bed  which  varies  from  4  to  9  feet 
in  thickness.  Sometimes  the  flints  are  absent ^  at  other  timed  they 
are  scattered.  Ostrea  solitaria  occurs,  and  Ammonites  gigantcus  is 
abundant.  Where  this  band  is  absent,  as  at  a  quarry  south  of 
Weston,  the  Whit  Bed  lies  directly  on  the  Base  Bed. 

The  Best  Bed  (Base  Bed,  Lower 
Tier  or  Bottom  Bed)  is  a  fine- 
graittea*oolitic*  limestone,  fri^m  5  to 
9  feet  thick,  and  comparatively 
free  from  fossils.  According  to 
Prof.  Blake  this  bed  and  the  Curf 
above  have  yielded  Isastrcea  obUmga 
and  Lithodomi. 

The  beds  bolow  the  Base  "^Bed 
are  not  worked  on  acount  of  the 
flint     ' 

Prof.  Blake  considers  th^t  the 
true  Ammonites  gigantcus  occurs  in 
the  upper  beds,  while  large  Am- 
monites referred  to  A.  boloniensis 
occur  at  lower  horizons.f  Speci* 
mens  of  A,  giganteus  measuring  as 
much  as  38  inches  in  diameter  have 
been  obtained.  These  fossils  are 
called  "  Conger  Eels  "  by  the  quarry- 
men,  and  specimens,  sometimes 
*' whitewashed,"  may  be  seen  in 
many  cottage -gardens  at  Portland, 
and  ne^r  Weymouth,  Upway,  and 
Portisham. 

The  Cherty  series  below  the 
Portland  Building-stones,  consists 
of  buff  shelly  and  sandy  limestone, 
with  chert  or  **  flints "  in  irregular 
bands,  in  smooth  lenticular  mittii^, 
and  in  scattered  irregular  ncKfo&s. 
Beneath    the    Li<ihthouse-cliff  Te- 


•I 


3^,. 


5 


CO 


<:^o 


t  '."T  r- 


J 


\ 


k 


B^ 


;r 


markable  oblioue  bands  traverse  the 
rocks,  appearing  like  ribs,  <-  aUd 
these  are  overlaid  by  approxiniaHly 
horizontal  bands  of  chert 


*  VT.  Gray,  Proc.  Geol.  Soc.  Assoc,  vol.  i.  p.  131. 
t  Qaart.  Joarn.  Geol.  Soo.,  Tol.jcxzvi.  y.  191. 
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An  excellent  section  of  the  Lower  Purbeck  and  Upper  Portland 
BedB  is  exposed  in  Steward's  quarry,  at  Kingbarrow,  where  the 
local  names  of  the  beds  were  pointed  out  to  me  by  Mr.  A.  M. 
Wallb  (see  Fig.  96,  p.  199)  :— 


I 

I 

I 


14.  Bubble 


•    Flaggy     white     limestone, 
rubble,  and  clay       6  0  or 


13.  HABDSLATT^aatoOTJ  g^ft  ^y^^  flaggy  li^estone 


12.  Bacon  Tier 


11.  AlSH 


10.  Soft  Bttbb  - 
9.  Black  Diet 


8.  To?  Cap 


7.  Skull  Cap 


r   6.  BOACH 


5.  Whit  Bed  - 


4.  Bottom  Whit  Bed  - 
8.  Ct7Rf  and  Flints    - 


2.  Babe  Bed  Boach 
or  Little  Boach. 


^  1.  Babe  Bed 


(Irregular  band  of  marl  and  limestone.) 

Hard  creamy  and  flaggy 
limestone,  breaks  irregu- 
larly -  -  2  0  to 

(Thin  shaly  dirt-layer  and 
sandy  limestone.) 

Soft  brown  or  white  sandy 
limestone,  laminated  at 
base  ... 

Seam  of  brown,  black,  and 
white  clay.  Soft  white 
banded  limestone,  some- 
what sandy  and  with  car- 
bonaceous specks  - 

Loose  pale  tafaceons  lime- 
stone with  hard  cap  1  0  to 

Dark  clayey  bed  with  car- 
bonaceous matter,  frag- 
ments of  wood,  and  stones 
of  grey  earthy  limestone 
and  oolite      -  0  9  to 

Buff  and  white  limestone, 
hard  and  compact  in 
places,  in  other  parts  full 
of  dmsy  cavities  in  de- 
composed cherty  rock 
ituming  very  irregnlarly 
through  the  stone;  the 
rook  splits  up  irregnlarly 

Irresnlar  clay  seam. 

Hard  brown  limestone  with 
small  cayities ;  irregular  - 

(With  at  base  nodules  of 
chert  or  "hard  rag" 
yielding  small  nnivalves.) 

Oolitic  limestone  full  of  casts 
and  moulds  of  Trigonia, 
CerUhiwn,  &c, ;  merging 
into  bed  below 

Buff  oolite,  with  a  few 
layers  containing  citsts  of 
shells,  and  occasional  flints 

Irregular  cherty  band  with 
"  sand  holes "  yielding 
small  univalves. 

Buff  oolite  (local)         3  0  to 

Oolitic  limestone  with  many 
nodules  of  chert:  Ammo* 
nUea  aigantetu 

Oolitic  limestone  with  Oatrea 
and^  casts  of  Trigonia^ 
Ceriihium,  &c.     -    1  0  to 

Buff  oolite    .  •    6  Oto 


Ft.   In. 


7 
4 


1 

10 


0 

0 


4      0 


2      0 
2      0 


7      0 


4      0 


0 


7      0 


3      9 


6 


6 
0 
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Sections  by  the  Verne  Fort  showed  the  following  beds,  which 
appear  to  come  directly  beneath  the  Base-bed : — 


Upper  Portland 

Beds: — 

Cherty  Beds. 


Lower  Portland  Beds 
Portland 
Sands. 


"BofE  limestones,  shelly  in  places 
witli  Ammonites  ooloniensis, 
Ostrea,  Pecten  lameUosuSt  Tri- 
•^  gmiia,  Serpvla,  and  beds  like 
**  roach":  with  bands  and 
nodales  of  chert  thronghont, 
^    about     «  -  -  - 

■^lue  bnif  and  grey    mottled^ 
marl.  | 

<  Dark  bine  clay.  > 

j  G-reenish  grey  and  bine  mottled  j 
L    marl.  J 


Ft.   Ik. 


-    65 


15      0 


The  clifis  near  Rufus  Castle  afford  a  good  section  of  the  Port- 
land Beds,  with  about  10  feet  of  Lower  Purbeck  Beds  on  top. 
The  freestone-beds  show  shelly  patches  (Roach)  at  different 
horizons,  and  the  cherty  series  below  contains  bands  of  pale  and 
dark  chert  in  even  and  irregular  layers,  in  lenticular  seams  and 
nodules,  with  an  occasional  oblique  vein.  A  sandy  bed  occurred 
about  8  feet  from  the  base;  below  are  shelly  limestones  with  chert, 
and  then  a  spring  issues  on  top  of  a  clayey  bund  that  marks  the 
top  of  the  Lower  Portland  Beds. 

A  section  of  the  beds  on  the  west  side  of  the  tramway  leading 
to  the  breakwater  was  measured  by  H.  W.  Bristow.  Beneath  a 
thickness  of  63  feet  of  stone-beds  with  chert,  the  following  beds  of 
the  Portland  Sands  were  seen  : — 

'Hard  yellow  sandy  marl  -  -  - 

Grey  marls  with  plates  of  fibroas  gypsnm 
Hard  grey  sandy  bed      -  -  -  - 

Garbonaceons  sand         .... 
Hard  srey  marl  with  large  irregular  cavities 
lined  with  carbonate  of  lime  and  containing 
P  rtlftnd  I      ^^d  and  clay  -  -  -  -  - 

Sands     1  ^°^^  ^^^  marly  sand,  passing  upwards  into 
hard     thick     caloareous     bed     containing 
AmmoniteB  and  fibrous  gypsum 
Hard  grey  calcareous  sand  with  fossils  • 
Oarbonaoeous  parting 

Soft  sand  with  fossils     .... 
Yellow  sand  with  blue  calcareous  nodules:  Trigoma  8    3 
Yellow  sand         -  -  -  -  -33 


Ft. 

In. 

4 

6 

12 

6 

4 

8 

0 

9 

6    3 


8 
0 


0 
9 


y 


9    6 


53    5 


We  are  indebted  mainly  to  Prof.  Blake  for  our  knowledge  of 
the  palaeontology  of  the  Portland  Bed?.  The  fossils  of  the 
freestone-beds  have  been  already  mentioned.  From  the  beds 
beloWj  •  including  the  mass  of  the  cherty  series',  he  records  the 
following  species : — 


Ammonites  boloniensis. 

pseudogigas. 

trifiduB  (fiiplex). 

Fleurotomaria  Bozeti. 

rugata. 

Oardium  dissimile. 
Oyprina  elongata. 
Luna  rustica. 


Ostrea  multiformis. 
Pecten  lamellosus. 
Pema  mytiloides. 
Pleuromya  tellina. 
Trigonia  gibbosa. 

incurva. 

Serpula  gordialif • 
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From  the  Lower  Portland  Beds  he  obtained  the  foU owing  fossils : — * 


Ammonites  biplex. 

Natica  incisa. 

Area. 

Avicula  ootavia. 

Cjprina  elongata. 

—  implioata. 


Trigonia  muricata. 
-— -  Pellaii. 
Discina  humphriesiana. 
Ebynchonella      port- 

landica. 
Serpula. 


Thickness. 

Dei 

TB 

37    6 

9    0 

46 

0 

4    6 

50 

6 

9    0 

59 

6 

16    0 

75 

6 

67    3 

142 

9 

Exogyra  brantmtana. 

Isocardia. 

Lima  boloniensis. 

Mytilas  autissiodorensis. 

Peoten  solidns. 

Trigonia  incorya. 

The  Lower  Portland  Beds  are  well  exposed  in  the  cliffs  of 
Clay  Hope  on  the  western  side  of  the  Island.  They  consist  of 
marly  and  sandy  beds  that  contain  indurated  beds  in  the  upper 
part  and  lower  down  doggers  of  calcareous  sandstone  ;  they  pass 
downwards  into  the  Kimeridge  Clay. 

Mr.  Whitaker  has  kindly  given  me  the  following  particulars  of 
a  boring  made  by  Mr.  J.  L.  Webster  at  Southwell,  Portland : — 

Purbeck      r^"bble,&c. 

^-   l|kjucap  :     :     : 

Portland    /wM?Bed,  &o.         -  ^ 

btone.        ^Limestone  and  flint 

Portland      f  Clay  -  -  .-  .         -\io7    q        270    0 

Sand.      \  Sands,  &c.  with  water        -  .f^^^    ^        ^^^    ^ 

Kimeridge  Clay. 

A  shaft  was  sunk  280  feet,  and  the  rest  bored.  The  boring  was  made 
rather  less  than  a  quarter  of  amile  W.N.W.  of  the  old  '*  South  well." 
Galleries  were  driven  N.  20  fee^  S.  35  feet,  E.  40  feet,  and  W.  35  feet. 
The  yield  of  water  has  been  eqnal  to  about  90,000  gallons  a  da  v. 

Mr.  Whitaker  has  remarked  that  a  supply  of  water  was  to  be  expected 
at  the  base  of  the  Portland  Stone,  where  water  would  naturally  be  held  up 
by  the  clayey -bed  that  forms  the  top  of  the  Portland  Sand.  It  was  a 
matter  of  surprise,  therefore,  that  the  fihaft  was  practically  dry,  for  the 
Government  water-works  at  Chene,  N.E.  of  Southwell,  got  their  supply 
from  the  Portland  Stone  above  the  clay-bed,  a  supply  amounting  to 
about  50,000  gallons  a  day.  He  thought  there  must  be  joints  or  other 
means  of  communication  in  the  top  part  of  the  Portland  Sand,  by  means 
of  which  water  which  in  some  places  is  stopped  there,  passes  through  and 
sinks  to  a  lower  level.  Fissures  having  a  direction  nearly  north  and 
south  were  met  with  in  the  shaft  and  galleriei. 

Near  Portland  Bill  we  find  in  places  that  the  entire  mass  of 
the  building-stones  presents  a  "  roachy "  character ;  in  other 
places,  and  at  the  Bill,  the  top  bed  of  Portland  stone  is  of  very 
compact  nature. 

The  full  thickness  of  the  Portland  Beds,  difficult  to  obtain 
from  measuring  the  beds  in  the  Cliffs,  is  now  proved  by  the  well- 
boring  before  noticed.  I  had  estimated  the  Portland  freestones 
at  30  feet  at  Kingbarrow,  and  28  feet  at  Kufus  Castle ;  and  the 
chert-beds  at  Kingbarrow  at  65  feet,  while  those  of  Rufus  Castle 
appeared  to  be  no  more  than  45  feet.     We  may,  however,  take 

the  general  thickness  as  follows  : — 

Ft. 
Freestones    -  -  .  •  -      25 

Oherty  Beds  -  -  -  -67 

Lower  Portland  Beds  -  -  -    128 

220" 
No  doubt  the  thicknesses  of  these  subdivisions  vary  to  some 
extent  in  different  parts  of  the  island. 

♦  Qnnrt.  Journ*  Geol.  Soc,  vol.  xxxvi.  p.  193. 
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CHAPTER  XII. 

Portland  Beds. 

Local  Details — continued. 

Vale  of  Wardour. 

The  Vale  of  Wardour  is  one   of  the  classic  regions  of  the' 

feologist.  Large  quarries  have  been  opened  in  the  Portland  and 
^urbeck  bed?,  many  fossils  have  been  obtained,  and  the  district 
has  been  described  by  many  observers.  Pyt  House,  a  few  miles 
west  of  Tisbury,  was  the  home  of  Miss  Etheldred  Benett,  one  of 
the  earliest  of  lady  geologists^  who  gave  especial  attention  to  the 
fossils  of  Wiltshire,  and  published  the  first  detailed  account  of  the 
strata.*  They  have  subsequently  been  studied  by  Fitton,t 
Mr.  W.  H.  Hudleston,t  Prof.  J.  F.  Blake,§  and  the  Rev.  W.  R. 
Andrews  II  (formerly  of  Teffont  Evias). 

The  general  section   of  the   Oolitic   strata  in    the  Vale    of 
Wardour  is  as  follows  : — 

Lower 

Pnrbeck 

Beds. 


Ft.    Ih. 


Upper 

fiuiloLing 

Stones. 

Chalky 
Series. 


{ 


Bagstone.    *< 


Upper 
Portland  < 
Beds. 


Building 
Stones. 


Lower  Portland  Beds. 
Kimeridge  Clay. 


r  Flaggy    limestones,     dirt  - 
<      beds,  and  peculiar  oolitic 
L      beds.     (See  page  267.) 
f  Buff  sandy  and  oolitic  lime- 
J       stones,  compact  limestone, 
I       and  occasional  chert-seam  s 
L     in  lower  part         -    10  to     16      0 
Soft  white  chalky  limestone, 
with  nodules  and  veins  of 
black  chert  -      4  to     24      0 

Brown  gritty  and  shelly 
limestone,  divided  in 
places  by  seam  of  rubbly 
marl     -  -    4      6  to       5      6 

Pale  shelly  and  oolitic  lime- 
stones, with  rubbly  shelly 
marl  at  base  -  -       3      3 

^Trough    Bed:     Hard    buff 
sandy    and    oolitic    lime- 
stone, the  surface  covered 
with    bivalves    {Trigania 
gibhoaa),  the  bed  merging 
into  that  below     --28 
Glauconitic  and  sandy  lime- 
stones :     divided    locally 
into: — 
Green  Bed      -    5    0' 
Slant  Bed        -    1    0 
PinneyBed     -    2    0 
Cleavmg       or  ^     15 

Hard  Bed  -  1  0 
Fretting  Bed  -  3  4 
Under  Beds     -    3    0 


*  A  Catalo^e  of  the  Organic  Remains  of  the  Connty  of  WUts,  ISdl  $  (privatel 
issued), 
t  Trans.  Geol.  Soc.,  ser.  2,  vol.  iv.  pp.  251,  254. 

t  Free.  Geol.  Assoc.,  vol.  vii.  pp.  167-170,  and  Geol.  Mag.  1S81,  p.  387. 
§  Quart.  Joum.  Qeol.  Soc.,  vol.  xzzti.  p.  200. 
I  Proc.  Dorset  Nat.  Hist.  Club,  vol.  v.  p.  66. 
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The  finest  exposures  of  the  Portland  Beds  are  to  be  seen  in 
the  Cbihnark  ravine^  a*bout  a  mile  south  of  the  village,  but  there 
are  a  number  of  quarries  near  Tisbury. 

The  Oolitic  series  has  a  general  inclination  towards  the  E.S.E.9 
but  the  beds  are  affected  by  undulations,  which  bring  the  Portland 
Beds  to  the  surface  at  Chilmark.  The  Upper  Cretaceous  Rocks 
extend  across  the  denuded  surfaces  of  the  older  strata  and  form  a 
margin  to  the  vale  both  north  and  south.     (See  Fig.  97!) 

On  the  west  side  of  the  Chilmark  ravine  only  the  lower 
building-stones  are  worked,  on  the  east  side  both  Upper  and 
Lower  Beds  are  quarried,  for  the  most  part  in  underground 
workings.  The  overlying  Purbeck  Beds  at  the  Teffont  (Chil- 
mark) Quarry  are  noted  on  p.  267.  The  lower  building-stones 
which  I  noted  were  as  follows  : — 

Ft.  In. 
Chalky  Series. 
White    Bed:    gritly    limestone,    need    for 

hearthstone  -  •  -  -16to40 

Rnbbly  marl  (Bag)      -  -  -  -      0  6 

Shelly,  limestones        -  -  -  -      3  6 

Tbouoh  Bed  :  pale  shelly  oolitic  limestone  -      1  3 

Bubbly  marl,  passing  into  Boach       -  -      0  6 

Gbeen  Bed  :  bard  bnfP  or  pale  greenish-grey 

oolite  merging  into  bed  oelow        -    2    6  to  2  9 
PiNKET  Bed:  brown  glanconitic  and  oolitic 

sandy  limestones  in  three  or  four  layers  -    12  0 

A  well  at  the  base  of  the  Chilmark  (Teffont)  Quarry  was  sunk 
to  a  depth  of  39  feet  through  clays  and  calcareous  sandy  beds  to 
very  black  clay  (Kimeridge  Clay),  and  water  rose  to  within 
19  feet  of  the  surface. 

The  thicknesses  at  this  locality  may  be  thus  summarized  : — 

Ft.  In. 
Upper  Building  Stones  -  -  -      16    0 

Chalky  Series     •  -  -  -      24    0 

Bagstone  •  -  -  -        9    0 

L  Lower  Building  Stones  -  -  -      18    0 

Lower  Portland  Beds  -  -  -  -  -      38    0 


Upper 
Portland  •< 
Beds. 


Upper 
Portland  Beds. 


105    0 


The  Lower  (or  Chief)  Building  Stones  have  yielded  but  few 
fossilj?.  Prof.  Blake  records  Ammonites  holoniensis  and  A.  biplex. 
They  contain  occasional  cherty  masses,  and  a  quantity  of  sponge- 
spicules  may,  according  to  Mr.  Hudleston^  be  found  in  some  of 
the  beds.  He  observes  that  Trigonia  gihhosa  is  found  in  a  state 
c»f  chalcedonic  replacement,  and  states  that  the  Pinney  Bed  is 
penetrated  by  a  small  Serpula,  from  the  appearance  of  which  the 
name  is  derived.* 

The  names  applied  to  these  building-stones  vary  in  different 

Earts  of  this  district^  and  other  names  besides  those  mentioned  have 
een  used.t 

♦  Prote.  Geol.  Assoc.,  vol.  vii.  pp.  171,  172. 

t  See  Section  of  Chicksgrove  Quarry  by  Miss.  £.  Benett,  Sowerb/s   Mineral 
Conobol.,  ToL  ii.  1818,  p.  58. 
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The  Ragstone  Beds  are  characterized  by  Cytkerea  {Cyrena) 
rugosa,  and  they  have  been  termed  the  "  Lower  Cyrena  Beds. 
Qasteropodd  are  fairly  abundant^  including  the  form  known  as 
Cerithium  concavuniy  the  small  Natica  elegans^  Pseudomelania 
tereSy  Neridomus  transversus,  Neritoma  sinuosa  and  ActcBoiiina 
siffnum*  The  beds  yield  also  Corbulay  Cardium  dissimile,  Lucina 
portlandicuy  &c. 

Mr.  Hudleston  considered  there  was  evidence  of  a  break 
between  these  beds  and  those  below*  He  noted  at  the  base  an 
irregular  Trif/07iia-bed,  with  T.  gihbosa  and  Mytilus  jureiisis. 
Trigonia  Manseli  also  occurs  in  these  beds.  The  shells  in  this 
division  are  well  preserved.  The  absence  of  Ammonites  is  note- 
worthy, and  the  general  a&semblage  is  considered  by  Mr.  Hudleston 
as  suggestive  of  fluvio -marine  conditions. 

The  Chalky  Series  calls  to  mind  the  similar  beds  at  Upway. 
The  fossils  are  marine  and  include  Ammonites  boloniensis,  known 
as  '^  Horns,"  Pleurotomaria  rugcda^  Turbo  apertus^  Cardium 
dissimile,  Lucina  portlandica^  Ostrea  expansa,  Pecten  lamellosus^ 
Pholadomya  tumida,  Pleuromya  tellina,  and  Trigonia  gibbosa. 

The  Upper  Building  Stones,  termed  by  Mr.  Hudleston  the 
"  Upper  Cyrena  Beds,'*  yield  fossils  for  the  most  part  in  casts, 
and  the  beds  have  been  compared  to  the  Boach  of  Portland. 
Cerithium  portlandicum  is  characteristic,  and  among  other  fossils 
there  are  Neritoma  sinuosa^  Cytherea  {Cyrena)  rugosa^  Trigonia 
gibbosa  (not  unctomon),  Cardium  dissimile,  Lucina  portlandica, 
and  Pecten  lamellosus, 

Portland  Beds  with  usually  some  thickness  of  Purbeck  Beds 
^^n  top,  were  worked  on  the  north  side  of  River  Nadder  by  Chicks- 
grove  Mill,  and  there  were  other  quarries  (with  underground 
workings)  on  the  south  side  of  the  river.  An  account  of  one  of 
these  was  published  by  Miss  Benett  in  ISlS.f  The  locality  is 
that  of  Upper  Chicksgrove,  and  pits  were  opened  westwards  in 
Quarry  Copse,  south  of  the  railway.  A  cutting  on  the  railway 
west  of  Chicksgrove  Mill,  and  north  of  Wockley,  showed  the 
following  section : — 

Ft.  In. 

f  G-reeniflh  sandy  bed  -  -  -  -    1    0 

Hard^  grey  sandy  limestone,  weathering  white : 

Trigonia,  Ammonitea      -  -  -  -    1     3 

Greenish    and    grey    beds    of    more    or    less 

Upper     J      calcareotis  sandstone  or  sandy  limestone.      -    2    6 

Portland      )  Shelly  limestone :  Serpula  -  -  -    2    6 

Beds.  Sandy  and  shelly  limestone :  Serpula    -  -    2    6 

Sandv     marl:      Ostrea,     SerjptUat     Spine      of 

Echinns              -           -           .         .  -  -    0    4 

^Grey  shelly  limestones     -           -           -  -    4    0 

Lower      Thrown    and  greenish-brown  sand  with  olay 
Portland    -i      so^^^s  and  bands  of  indurated  sand  :  casts  of 
"Ro/Iq         I      shells  hereand  there,  thin  beds  of  stone  near 
^^'       L     top 15  0  to  20    0 


*  Sec  Hudleston,  Geol.  Mag.  18S1,  p.  387;  and  Proc.  G€ol.  Assoc,  vol.  vii.  pp. 
167,  ike, 

t  Sowerby,  Min.  Con.,  toI.  ii.  1818,  p.  58. 
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The  uppermost  three  l^eda  merge  one  into  the  other  and  are 
much  shattered  at  the  top  in  places.  The  fissures  that  sometimes 
traverbS  the  rocks  in  this  district  are  known  as  "  lets."* 

At  Wockley,  Boutb-eoet  of  Tisbury,  the  beds  are  much  reduced 
in  thickness,  and  their  charRcter,  especially  in  the  lower  bed?,  is 
altered  for  we  mies  the  KagetoneB  of  Obilroark.  (See  Fig.  134, 
p.  268.)  The  individual  layers  of  rock  also  vary  much  in  thick- 
ness. On  top  there  is  from  18  to  20  feet  of  Lower  Putbeck 
Strata,  beneath  which  we  find  : — t 

f4.  Bed  of  BoBct,  with  lenticular  mass  \ 

iof  chert  at  top  :  Trigonia  g^hosa.  I 
3.  Chalky  limestones  obliquely  bedded,  I 
with  Ammonitethiplex,  Pleurotomaria  \ 
I  i-ugata,  Ot^^a  0»pan«a,  Fecten  j 
<      UtweUotue. 


TTppor 

Portland 

Beds. 


J 


2  to    4    0 


1.  Compact  and  very  shelly  limestone, 
pMaia^  down  into  sandy  limestone 
(qnamed  for  f^estone)         -  •  4  to    5    0 

A  quarry  soutlt  of  llsbury  Station  afforded  evidence  of  the 
variable  nature  of  the  beds.  The  section  was  as  follows  (see 
Fig.  98):— 

G.  Rabbly  atone  and  marl  with  seam        Ft.      Ft,  In. 
of  olay  -  •  •  •  4    0 

4.  Shelly     limestone     (Boaoh)     with*] 

Upper        3.  Impure      shelly      and     tufaoeons  f 
Portland    <      limestone        -  -  -  -J         4  to   5    0 

Beds.  2.  CompHt,bntrottenchalky  limestone 

much  Hhftttered,  with  Qaateropoda   -  3  to    4     0 

1.  GreeDish  glauconitic  Bandy  lime* 
stone  with  lenticular  seams  of  oolitic 
chert :  three  layen  seen  •  •        10  to  12    0 

FiQ.  98.  Beds  of  greenish  sandstone, 

Quarry  Svuth  of  Tisbury,  Wiltshire,  that  become  paler  when  dry, 
are  dug  to  a  depth  of  about 
10  feet  in  a  quarry  between 
Tisbury  and  Newtown. 
Specimens  of  Tr^tmia  are 
abundant  on  some  of  the 
blocks.  Fonnerly  much  stone 

'    "'!?'V    Jaifai^  fTT         "!       LAwn,    and    extensive    old 
'  "^'^^"^   %^Wf''W'^^''^'^S/X      quMries  are  to  be  seen  there. 
^^t'-^%';;.-:,£'-3,  Looking  generaUy  at  the 

^^^*^^-^^^^^ '^-?"i  ^^^t'ons  exhibited  in  the 
-fe£^.-^=,:=^-^^<^i  diflerent  quarries,  to  the 
attenuation  and  local  absence  of  beds  that  may  be  classed  with  the 
Upper   Building    Stones,   Mr.  Hudleston  remarked    there   was 


■  FltloD,  Tmu.  Geol.  Soc,,  ser.  3,  vi 
t  See  also  Fition,  Traoi.  Geol.  So«., 
Gwl.  Assoc.  ToL  vii.  p.  173. 
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evidence  of  discordance  between  ^the  Purbeck  and  Portland  Beds 
in  tlie  Vale  of  Wardour.* 

No  doubt  there  are  abrupt  changes  here  and  there  between 
the  formations^  as  there  sometimes  nre  between  individual  beds 
in  the  Portland  series.  There  is,  however,  no  discordance  such 
as  would  imply  upheaval  and  denudation  of  the  strata.  The 
phenomena  may  be  attributed  in  part  to  contemporaneous  erosion^ 
in  part  to  the  attenuation  and  local  deposition  of  certain  sediments  ; 
while  again  the  variations  in  the  lithological  characters  of  different 
layers  serve  to  render  the  results  of  minute  correlation  very 
difficult  and  uncertain. 

Tisbury  has  been  long  famous  as  the  locality  for  the  Star 
Coral,  IsastrcBu  oblonffa,  which  occurs  in  the  Portland  chert,  and 
polished  specimens  of  which  are  to  be  found  in  most  collections. 

The  exact  position  of  the  bed  yielding  this  *'  Siliceous 
Madrepore  "  has  been  a  matter  of  some  doubt.  It  was  described 
in  1729  by  John  Woodward  as  the  "  Starr'd  Agate."  He  says 
**  This  was  found,  amongst  several  others,  lying  on  Floors,  like  the 
common  black  Flints,  amongst  Chalk;  ♦  *  *  Underneath 
these  Floors  of  starred  Flints  lay  Strata  of  Sand-stone,  in  a 
Quarry  in  Tisbury  Parish.^t 

This  position  in  the  Chalky  Series  agrees  with  that  assigned 
to  it  by  the  Rev.  W.  R.  Andrews,  who  has  found  the  fossil  above 
the  Ragsiones  at  Newtown,  Tisbury.  Most  of  the  specimens  have« 
however,  been  obtained  from  ploughed  fields  to  the  north-west  of 
Tisbury.  The  horizon  also  agrees  with  that  noticed  by  Miss 
Benett,  who  states  that  the  Coral  wjis  found  above  the  Portland 
rock  {i.e,  building-stone),  in  a  well  sunk  at  Burton's  Cottage, 
near  the  Inn,  at  Fonthill  Qiffard ;  the  same  authority  recorded  the 
following  section  of  a  well  at  Butcher  s  Knap(field),  Tisbury  : — % 

Ft.  In. 

Bubble  of  Portland  Beds     -  -  -  -  -  10  0 

SiliceouB  Madrepore  -  -  -  -  -    1  0 

Portland  Beds  -  -  -  -  -  -  42  0 

(Water.) 

Fitton  mentions  the  finding  of  Ammonites  biplex  in  chalcedonic 
flint,  and  states  that  many  specimens  of  the  Tisbury  Coral  had 
been  obtained  from  '^  a  continuous  bed  of  flint,  about  2  inches 
thick,"  exposed  in  one  of  the  quarries  formerly  worked  to  the 
south  of  Fonthill  Giffard.§     It  has  been  found  also  at  Chilmark. 

In  a  cutting  on  the  road-side  between  Tisbury  and  Wardour 
near  Hazelton,  and  in  other  sections,  Mr.  Hudleston  noted  the 
following  beds  beneath  the  main  building-stone  : — 1| 


*  Hadleston,  Proc.  Geol.  Assoc.  yoL  vii.  pp.  170,  173, 174.  See  also  J.  F.  Blake, 
Qoart.  Journ.  Geol.  Soc.,  vol.  xxxi.  p.  191. 
t  Nat.  Hist.  Fossils  of  England,  Tome  II.  p.  77. 
X  Cat.  Org.  Bern.  Wilts,  p.  iv ;  see  also  Hudleston,  Proc.  Geol.  Assoc,  vol.  vii.  p. 

167. 

§  Trans.  Geol.  Soc.,  ser.  2,  voL  iv.  p.  255.    For  a  reference  to  disintegrated  Port- 
land Stone  from  Fonthill  Giffard,  see  p.  233  of  this  Memoir. 

II  Proc.  GeoL  Assoc.,  vol.  vii.  p.  172. 


POBTLAND  beds:    YALE  OF  WAB1X)T7B.  209 

Ft.   Lr. 
TT  r3.  Loose  sands  wifch  doggers  -  -      7      0 

Po^md  J  2.  Greenish  concretionary  limestone 

T»«j-  1  grit,    with     occasioDal    lydite ; 

^®^-  L        originaUj  a  Trigonia-hed  -      3      0 

Lower  f 

Portland  <  1.  Loamy  sands  and  clays       •  -    21      0 

Beds.  L 

From  the  hard  band (2)  he  records  the  following  species: — 

Katica  elegans.  Mytilus  jorensis. 

Avicnla  credneriana.  Pecten  lamellosos. 

Cardiom  dissimile.  Pema  Bonchardi. 

Exogyra  bmntrntana.  Trigonia  gibbosa. 

Prof.  Blake,  who  first  noted  these  beds,  identifies  the  Trigonia 
as  T.  Pellati*  The  fauna,  as  remarked  by  Mr.  Hudleston,  seems 
very  little  different  from  that  of  the  building-stones, — ^^  It  is  what 
one  would  call  an  average  Portland  stone  fauna  of  the  large  type, 
somewhat  modified." 

The  occurrence  of  the  bed  with  lydites  is  interesting,  as  we 
find  other  such  pebbly  layers  as  we  trace  the  beds  over  the 
exposures  onwards  to  Buckinghamshire,  and  the  horizon  seems  to 
be  fairly  constant. 


fVorton  and  Potterne,  near  Devizes. 

A  small  area  of  Portland  rocks  is  exposed  between  Coulston 
and  Potteme,  to  the  south  of  Devizes,  at  the  western  end  of  the 
Vale  of  Pewsey. 

The  passage-beds  into  the  Kimeridge  Clay  have  been  opened 
up  in  the  brickyards  at  Wortcn  and  between  Potteme  and  Dues 
Water.  At  the  brickyard  south  of  Potteme  the  following  section 
was  exposed  : — 

Ft.  Ik. 
Brown  and  blue  sandy  loam  with  casts  of  Trigonia  and 

Exogyra   -  -  -  -  -  -  -14      0 

Hard  irregular  nodules  of  calcareous  sandstone  with 

Thracia  and  Fema, 
Blue  loamy  clay. 

Prof.  Blake  has  noted  that  here  we  find  the  usual  Swindon  and 
Hartwell  fossils.!  On  a  higher  horizon  we  find,  in  the  road- 
cutting  east  of  Worton,  grey,  brown  and  greenish-grey  sands. 
The  spur  north  of  the  Potteme  brickyard  is  partially  covered 
with  pale  quartzose  sand  (Lower  Greensand);  but,  as  I  am 
informed  by  Mr.  Jukes-Browne,  there  is  fine-grained  Portland 
sand  by  Larborough  Farm.  Eastwards  by  Potteme  Park,  he 
noticed  a  considerable  area  of  fine  sand  containing  glauconite,  and 
he  remarks  that  the  Portland  sand  is  thus  locally  green,  whereas 
the  Lower  Greensand  of  the  area  is  never  so. 


*  Quart.  Jourt  GeoL  Soo.,  vol.  zxzvi.  p.  20S. 
t  Ilnd,^  Yol.  xxzyL  p.  203. 
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Cherty  Beds  were  formerly  dug  in  the  ridge  between  Hurst 
Farm  and  Greeiilands  Farm  north  of  Great  CheverelL  Mr. 
Jukes-Browne  was  informed  by  Mr.  W.  Cunnington  that  about 
50  tons  of  stone  were  obtained. 

The  highest  beds  seen  in  this  area  are  exposed  at  Crockwood. 
In  .the  farmyard  we  find  2  or  3  feet  of  irregular  and  rubbly  beds 
of  gritty  and  oolitic  limestone,  with  Pecten  lamellosus,  Cardium 
dissimile,  and  Serpula,  To  the  north-west  of  the  farm,  a  lane- 
cutting  showed  3  feet  of  the  same  rock,  here  glauconitic  and 
containing  an  occasional  lydite  pebble.  Prof.  Blake  has  recorded 
THgonia  gibbosa  from  this  locality,  and  I  obtained,  in  addition  to 
the  species  before  mentioned^  some  Gasteropods,  also  Modtola^ 
Pleuromya^  and  Ostrea,  The  beds  rested  on  greenish  sand  with 
hard  concretionary  masses  of  glauconitic  sandstone,  shown  to  a 
depth  o£  1  ft.  8  ins. ;  while  on  top  of  the  stone-beds  stiff  brown  clay 
(probably  Gault)  was  shown. 

The  fossiliferous  stone-beds  are  no  doubt  on  the  same  horizon 
as  the  basement  Portland  Stone  at  Swindon. 

Swindan  and  Bourton, 

The  next  exposures  of  the  Portland  Beds  are  at  Swindon,  where 
the  large  quarries  to  the  south-west  of  the  old  town  aiford  fine  sections 
of  Purbeck  and  Portland  beds^  and  many  fossils  may  be  obtained. 

The  sections  have  attracted  a  good  deal  of  attention^  and  they 
have  been  described  by  Fitton,*  Godwin-Austen,t  the  Rev. 
P.  B.  Brodicj:  J.  Buckman,§  and  others,  more  particularly 
Prof.  J.  F.  Blake,  to  whom  reference  will  subsequently  be  made. 

The  Portland  Beds  at  Swindon  are  partially  concealed  beneath 
the  Cretaceous  rocks  to  the  south-east,  and  they  were  considered 
by  Sir  A.  C.  Ramsay  to  occur  probably  as  an  outlier.  In 
confirmation  of  this,  it  may  be  mentioned  that  no  trace  pf  them 
was  found  in  a  boring  carried  through  the  Cretaceous  rocks  of 
Burdrop,  between  Wroughton  and  Chisledon  on  the  south. |{ 

The  Portland  Beds  at  Swindon  comprise  in  their  upper  part 
two  calcareous  beds,  and  these  are  separated  by  a  mass  of  sands, 
with  layers  of  hard  calcareous  sandstone  that  furnish  the  Swindon 
building-stone. 

When  the  sections  were  described  by  Ramsay ,ir  these  sandy 
strata  were  classed  as  ''Portland  Sands,''  and  he  represented 
them  at  one  place  as  overlaid  irregularly  by  Portland  Limestone ; 
but  it  is  now  known,  and  mainly  from  the  observations  of  Prof. 
Blake,  that  the  Swindon  stone  is  part  of  the  Portland  Stone 
divbioD,  and  that  the  true  Portland  Sands  are  well  developed 
beneath. 

.  When  Prof  Blake's  observations  were  made  the  details  of  the 
Lower  Portland  beds  could  only  be  fitted  together  from  somewhat 

*  Trans.  Geol.  Soc.,  ser.  2,  vol.  iy.  p.  266. 

t  Quart.  Joum.  GeoL  Soc,  vol.  vi.  p.  467. 

X  Ibid,  vol.  viii.  p.  53. 

§  Ibid.,  vol.  ziv„  p.  12S. 

II  Ibid,,  vol.  zlii.  p.  308. 

^  Qeol.  parts  of  Wilts  and  Gloacestershire,  pp.  25,  &c. 
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scattered  data.  Since  then  sections^  opened  up  during  the 
construction  of  the  new  railway  from  Marlborough  by  Swindon  to 
Cirencester,  have  furnished  clear  evidence  of  the  sequence  of 
the  strata;  and  additional  information  has  been  afforded  by 
cuttings  along  a  road  made  from  Old  Swindon  to  the  new  town 
adjoining  the  Great  Western  Railway.  The  information  thus 
obtained  confirms  the  succession  made  out  by  Prof.  Blake.* 
The  general  section  at  Swindon  is  as  follows  : — 
Pnrbeck  Beds.     (Resting  irregularly  on  different  members  of  the 

Portland  Series.) 


Ft.  In.    Ft.  Ih. 


Upper 

Portland 

Beds. 


6    Oto    6    0 


20 

Oto  25 
4 
3 

0 
0 
6 

6 
30 

Oto    8 
Oto  40 

0 
0 

Chalky  beds. 

Oolitic  limestone  with  casts  of  Cerithium, 
&c.  -  -  -  . 

Irregular  grey  day. 
Sanaa  ivith  beds  of  Swindon  stone 
Fossiliferons  limestone,  "  Cookly  Bed  **  - 
Bluish-grey  limestone  with  lydite  pebbles 
Lower       [Blue  clay. 
Portland    <  Exogyra-bed  -  •  -  . 

Beds.        LSands  with  doggers  -  .  - 

Kimeridge  Clay. 

The  Kimeridge  Clay  passes  up  most  gradually  into  the  Lower 

Portland  Beds,  and  these  comprise  the  strata  Nos.  1  to  5  in  the 

Section  (Fig.  99,  p.  212).     A  more  detailed  description  of  these 

may  be  given. 

Lower  Portland  Beds, 

1-3.  Grey  and  greenish  or  buff  sands,  and  loamy  beds,  with  hard  concre- 
tionary masses  or  '"doggers"  of  calcareous  sandstone,  some  of  which  are 
as  much  as  eight  feet  in  diameter.  The  upper  portions  of  this  series  were 
exposed  in  the  railway-cutting  (Fig.  99,  p.  212),  in  the  cuttings  for  the  new 
road  from  Swindon  town  to  the  railway-station,  and  in  an  a^oinin^  sand- 

{)it  where  material  was  obtained  for  making  mortar.  Very  fossiliferons 
ayers  occur  at  these  localities  in  this  higher  portion.  The  full  thickness 
of  the  beds  is  not  less  than  40  feet.  A  number  of  fossils  were  obtained  by 
Mr.  Rhodes  and  myself,  but  many  more  have  been  recorded  by  Prof.  Blake. 
The  following  is  a  list  of  the  species  obtained  from  these  beds : — f 


Ammonites  biplei 

pectinatus. 

Aporrhaia  Thurmanni. 
Cerithinm  Lamberti. 
Delphinula  globata. 
Turbo  FonoardL 
Area  velledsd. 
Astarte  polymorpha. 
- —  SsBmanni.  ^ 
Gardinm  morinicnm. 
X  Cyprina  impUcata. 

pulohella. 

swindonensis. 

Ezogyra  bmntrutana. 
Lima  boloniensis. 
Lithodomus. 
Luoina  firagosa. 
Myoconcha  portlandica. 
Basmanni. 


Mytilua  antissiodorensis. 
boloniensis. 

long89VU8. 

Ostrea  bononisd. 

—  multiformis. 

Peoten  lens  var.  Morini. 

solidus. 

Bimrajurensis. 

Pema  IBouchardi. 

Pholadomya  tumida. 

Pinna  suprajurensis. 

Placunopsis  Lycetti. 

Plenromya  Voltzi. 

Sowerbya  longior. 
X  Trigonia  irregularis. 

Pellati. 

swindonensis. 

X  Unicardium  sulcatum. 

Acrosalenia  Koenigi. 


*  Quart.  Jonrn.  Geol.,  Soc.  vol.  xxxvi.  pp.  210-212,  and  Proc.  Geol.  Assoc.,  vol. 
xii.  p.  826 ;  see  also  H.B.W.,  Geol.  Mag.,  18S8,  p.  469. 

f  The  additional  spocies  named  by  Messrs.  Sharman  and  Newton  are  marked  x  : 
the  others  were  all  recorded  by  Prof.  Blake,  Quart.  Joum.  Geol.  Soc.,  voL  xxxvi.  p. 
S12. 
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4.  Exogyra-hed :  a  marly  sandstone  that  varies  from  three  to  eight  feet 
in  thickness.  It  was  well  shown  in  the  railway-cutting,  and  less  distinctly 
in  the  road -cuttings.  As  noted  by  Ehrof.  Blake  the  most  abundant  species 
is  Etoogyra  bruntrutana,  Mr.  Bhodes  and  myself  obtained  the  following 
fossils : — 


Ostrea  laaviusoula. 
Pholadomya  tumida. 
Serpula. 


Goniomya  y.-scripta. 

Lithodomus. 

Mytilus  autissiodorensis. 

5.  Swindon  clay :  a  blue  racy  clay,  weathering  brown  at  the  surface, 
and  from  14  to  about  20  feet  thick. '  It  was  well  shown  in  the  railway- 
cutting  (Fig.  99).  Small  lydite  pebbles  occur  in  the  top  part  of  the  clay, 
together  with  small  quartz  pebbles  and  phosphatized  fossils,  that  appear 
to  haye  been  worked  into  the  surface  of  the  clay  after  its  deposition. 
Towards  its  base  the  cla^  becomes  loamy,  and  passes  into  dark  greenish  sand 
(3  feet  thick)  that  overlies  the  Exogyra^hed.  From  this  clay  I  obtained 
Ostrea  Ueviuscula,  and  Prof.  Blake  has  recorded  the  following  species  :-^ 

Mytilus  autissiodorensis. 
Ferna  Bouchordi. 
Trigonia. 


Area  Beaugrandu 
Corbula  dammariensis. 
Cyprina  elongata. 


Upper  Portland  Beds, 

6.  Besting  on  the  Swindon  Glay  in  the  railway-cuttine,  there  was  a  bed 
of  marly  limestone  (like  Boach),  with  abundant  casts  and  moulds  of  shells, 
underlaid  by  fossiliferous  sandy  and  glauconitic  limestone  with  lydite 
pebbles.  These  beds  were  little  more  than  3  feet  thick  in  the  railway- 
cutting.  In  the  great  auarries  thejr  are  exposed  beneath  the  Swindon 
stone.  There  the  lower  bed,  which  is  burnt  for  lime,  and  used  for  road- 
metal,  is  a  bluish- grey  limestone,  with  lydite  pebbles,  and  is  about  3  feet  6 
inches  thick.*  The  upper  bed  is  a  hard  marly  limestone,  oolitic  and  sandy 
in  places,  and  about  4  feet  thick.  It  merges  upwards  into  calcareous  sand- 
stone, belonging  to  the  division  above.  It  is  very  fossiliferous,  and  is 
loiown  as  the  **  Cocklv  Bed,"  but  specimens  are  most  abundant  in  the 
lower  portion  of  it.    These  include  the  following  fossils : — 


Ammonites  biplex. 

giganteus. 

BuccinumP  angulatum. 

Natica  elegans. 

Pleurotomaria  rugata. 

Area. 

Cardium  dissimile. 

Cyprina  elongata. 

Exogyra. 


Lucina  portlandica. 
Modiola  nnguiculata. 
Ostrea  laaviusoula. 
Pecten  laraeilosus. 

snprajurensis. 

Pleuromya  tellina. 
Trigonia  Carrei. 

^bbosa. 

mcurva. 


7.  Buff  and  white  false-bedded  sands,  shelly  and  calcareous  in  places, 
and  with  bands,  irregular  lenticular  layers,  and  some  smooth  masses  of 
calcareous  sandstone  (Swindon  Stone).  Lignite  occurs,  and  the  sands  are 
variable,  some  portions  being  composed  of  comminuted  shells  of  OHrea 
and  Pecten.  These  beds  attain  a  thickness  of  25  feet,  and  are  surmounted 
in  places  directly  by  Purbeck  Beds.  The  top  layer  is  a  hard  sandy  lime- 
stone 2  to  3  feet  thick  with  casts  of  shells.  From  these  beds  Prof.  Blake 
has  recorded  the  following  fossils  : — f 


Corbula  dammariensis. 
Cyprina  pnlchella. 
Lima  rustica. 
Modiola  nnguiculata. 


Ostrea  solitana. 
Pema. 

Pleuromya  tellina. 
Trigonia  gibboea. 


Bamsav  called  attention  to  the  evidence  of  local  erosion  between  these 
sands  ana  the  overlying  Portland  beds  ;X  ^^^  Prof.  Blake  has  stated  that 

*  This  Ijdite-bed  was  noticed  by  Fitton,  who  included  it  with  the  <<  Portland 
Sand,"  Trans.  Geol.  Soc,  ser.  2,  vol.  iv.  p.  267. 

I  Qaart.  Jonm.  Qeol.  Soc.,  vol.  xxxri.  pp.  S04,  208.  See  also  Fitton,  IVans. 
GeoL  Soo.,  ser.  2,  vol.  iv.  p.  266. 

X  Geology  of  parts  of  Wiltshire  and  Gloucestershire,  p.  25. 
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.tliese  ''  basal  sands  "  mny  be  considered  to  be  the  equivalents  of  the 
Tisbnry  stono  (lower  building-stone),  and  of  the  cherty  series  of  Portland. 

8.  Irreffular  grey  clay.  This  is  a  thin  seam  which  may  owe  its  irregu- 
larity to  dissolution  of  calcareous  matter  from  the  underlying  strata. 

9.  Oolitic  limestone,  4  or  5  feet  thick,  with  casts  of  Cerithium  and 
Trigonia,  a  bed  like  the  Roach  of  Portland.  It  yields  also  Cytherea 
rugosa  (the  **  Cyrena"  of  the  Vale  of  Wardour).  The  following  are  the 
fossils  recorded  from  this  bed,  and  most  of  them  have  been  noted  by 
Prof.  Blake  :— 


Cytherea  rugosa. 
Pecten  lamellosus. 
Pleuromya  tellina. 
Trigonia  gibbosa^ 


Buccinum  P  angulatum. 
Cerithium  portlandioum. 
Neritoma  smuosa. 
Cardium  dissimile. 
Corbicella  morssana. 

10.  Pale  marly  limestone,  described  by  Ramsay  as  hard  cream-coloured 
limestone  from  1  to  6  feet  thick,  with  Trigonia,  &o.  I  obtained  no  fossils 
from  this  bed,  which,  but  for  the  occurrence  of  Trigonia,  might  have  been 
regarded  as  Purbeck. 

The  higher  Portland  Beds  are  of  a  somewhu  variable  nature, 
and  the  sections  were  not  sufficiently  continuous  to  display  their 
relations  very  clearly  ;  so  that  I  saw  no  evidence  of  discordance 
between  them  and  the  underlying  Swindon  Stone-beds.  As 
remarked  by  Ramsay,  nearly  40  years  ago,  "  The  section  varies 
so  rapidly  in  different  parts  of  the  quarry  that,  as  the  works 
proceed,  any  details  now  given  may  probably  not  apply  to  the 
section  as  it  may  exist  in  a  few  years."* 

Nor  did  I  find  any  freshwater  fossils  in  the  Portland  Beds.  The 
records  of  these  discoveries  require  confirmation.  W.  Keeping 
described  these  upper  beds  under  the  name  of  "  Swindon 
Series,"  remarking  that  some  of  the  beds  were  of  Purbeck 
type,  and  noting  the  occurrence  of  Valvata  /  in  a  cherty  band 
just  below  bed  No.  8.t 

It  may  be  useful  now  to  give  a  few  notes  on  the  particular 
sections  observed  in  and  around  Swindon. 

The  section  in  the  road-cutting  (below   Victoria  Street)  was 

noted  as  follows  in  1887  : — 

Ft.  Ih. 
Loamv  sand  passing  down  into  dark  greenish 

Sana     -  -  -  -  .  -80 

Very  shelly  layer,  with  OHtm  l(Bviusetda  Ac.  -      1    0 
Bed  with  Exogyra,  in    clayey   matrix,    with 
Lower  concretionary  marly  stone     -  -  -      3    8 

Portland  -^  ^^®®^'  brown,  and  red  sands,  false-bedded  and 
Bedfl  shelly  in  places    (particularly  at  the  base) 

with  large  concretionary  masses  of  marly 
sandstone ;  Ammonites,  Ottrea,  Peeten, 
Trigonia,  Ac.  -  -  -  -  -      3    6 

Grey  or  buff  sand  with  hard  concretions  in 
places  (doggers),  some  at  top  -     30    0  to  40    0 

There  was  a  marked  plane  of  division  on  top  of  this  lower  bed 
of  sand.  The  beds  are  much  disturbed  and  slipped  at  the  outcrop^ 
and  small  local  faults  are  thus  shown  as  well  as  undulations,  both 
due  entirely  to  the  slipping. 

*  Geol.  parts  of  Wiltshire  and  Gloooesten hire,  p.  25. 

t  Fossils  of  Upware,  &c.,  1883,  p.  41 ;  see  also  J.  F.  Blake,  Quart  Joum.  G«ol. 
See.,  vol.  xxxvi.  p.  207. 
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An  old  cutting  made  for  an  extension  of  the  Great  Western 
Railway  east  of  Victoria  Street  showed  the  lower  beds  of 
sand  with  large  lenticular  doggers  near  the  base.  These  lower 
beds  of  Portland  Sand  were  noted  by  Fitton.*  A  brickyard 
further  east  shows  the  junction  of  these  sands  with  the  Kimeridge 
Clay,  as  follows : — 

Ft.  In. 
Lower     f  Greenish  and  yellow  sands  (even  line)   -  8    0  or  9    0 
Portland  <  Dark  bluish-grey  sand  becoming  loamy  lower 
Beds.      L     down      -  -  -  -  -  -60 

Kimeridi?e  f  ^^^®  ^^7  ^*'^  cement-stones : 

Clav         1      Thracta  depressa,  Fernet  mytiloideSf  Coi-JmIa, 
^*        L     Am^Yhonites  biplex  (abundant). 
About  20  feet  of  clay  was  shown.     Bricks,  tiles,  drain-pipes,  and  flower- 
pots are  manufactured. 

Below  King's  Hill,  west  of  Swindon,  the  Exoffi/ra-hed,  and 
Portland  Sand  with  doggers  below,  have  been  exposed  in  the 
road  and  bank-cuttings.  The  Kimeridge  Clay  is  worked  further 
on  at  a  brickyard,  where  the  upper  loamy  beds  are  seen. 

A  section  showing  the  irregular  junction  of  the  Purbeck  Beds 
where  they  rest  on  the  Sands  with  the  Swindon  Stone,  is  given  in 
Fig.  138,  p.  276. 

The  highest  portion  of  the  Portland  Beds  was  shown  at  the 
eastern  side  of  the  great  stone-pits  at  Swindon.  There  the 
following  section  was  to  be  seen  : — 

Ft.    In. 
9.  Bubble,  &c, 
8.  Pale  marl. 
7.  Grey  clay  with  pebbles. 
6.  Marl     and     greenish     clay    with 

boulders. 
5.  Chalky  beds. 

4.  Oolitic  limestone  (Boach)  wibh 
oasts  of  Cerithium,  Nei'itoina 
sin/uosa,  Cytherea  rugosa,  Pleuro- 
my  a  tellinaf  Trigonia  gihhosaf 
&c.  -  -  -    5      0  to  6      0 

3.  Irregular  grey  clay. 
2.  Hard  sandy  limestone  with  casts  of 

shells  near  top    -  -    2      0  to  3      0 

1.  Sands  with  indurated  bands,  false 
bedded  (Swindon  Stone). 

Mr.  Hudleston  suggests  to  me  that  Bed  No.  4  may  be  on  the 
horizon  of  the  Lower  Cyrena-beds  of  the  Vale  of  Wardour.  Its 
position  beneath  chalky  beds  strengthens  the  indications  of  the 
launa. 

A  specimen  of  Neritoma,  described  by  Morris,  showed  old 
colour-markings  distinctly  on  its  surfaccf 

At  Coate,  to  the  south-east  of  Swindon,  a  quarry  to  the  north 
of  the  road  showed  the  following  beds  : —  Ft.    In. 

'  Fissile  sandy  beds        -  -  -      1      0 

Calcareous  sands  -  -  -      3      0 

Sandstone         -  -  •  -      1      0 

Boach-beds  and  sandy  limestone         -      5      0 


Purbeck  Beds 


1 


Upper  Portland  . 
Beds.  ^ 


Upper  Portland  ^ 
Beds. 


*  Trans.  Geol.  Soc,  ser.  2,  vol,  iv.  p.  267. 
t  Quart.  Joum.  Geol.  Soc,  vol.  v.  p.  333. 
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The  section  here  has  also  been  described  by  Ramsay*  and  by 
Prof.  Blake  ;t  ond  the  following  are  the  more  abundant  fosisils 
from  the  Roach  beds : — 


Plearotomarib  mgata. 


Cardium  dissimile. 
Lima  mstioa. 


Pecten  lamcllosus. 


Upper  Portland 
Beds. 


Plenromya  tellina. 
Trigonia  gibbosa. 
Modiola.  I  iucurva. 

Prof.  Blake  records  Ammonites  Boisdini,  A.  boloniensis,  A. 
pectinaiuSy  and  other  fossils ;  as  he  remarks,  the  beds  correspond 
with  those  seen  in  the  lower  part  of  the  Swindon  quarry,  the 
sandy  beJa  of  Coate  representing  the  Swindon  stone  series  that 
overlies  the  fossiliferous  beds  (No.  6,  p.  213). 

At  Bourton,  to  the  south  of  Shrivenham  railway-bitation,  there 
is  an  outlier  of  Portland  Beds,  and  stone  has  been  quarried  in  places. 
The  section  was  described  by  Ramsay,  and  is  as  foUows  : — t 

Ft.    In. 
"  Soft  thin-bedded  chalky  oolite,  with 

grains  of  sand  -  -  -      8      0 

Hard  blnish  limestone,  with  pebbles 
of  lydian  stone  and  white  quartz: 
AmmonUei    **  giganteus,**     Cardium 
dissimile, Osirea,  Fleuromya,  Trigonia 
I       gibhosUy  &c, 
L  Yellow  sands. 

Here  the  basement-limestone  (No.  6,  p.  213,  of  Swindon),  rests 
on  sands,  but  I  was  unable  to  observe  their  thickness.  They 
probably  belong  to  the  Lower  Portland  Beds,  and  in  this  case 
indicate  conditions  somewhat  different  from  those  of  Swindon, 
where  clay  directly  underlies  the  fossiliferous  limestone. 

Cnlham,   Garsington^  Shotover,  and  Great  Milton, 

In  the  area  to  the  south  and  south-east  of  Oxford  we  find 
evidence  of  several  outlying  masses  of  Portland  Beds,  and  it 
appears  probable  that  the  rocks  exposed  at  Great  Milton  are 
continuous  underground  with  those  of  Thame  and  Aylesbury. 
That  these  beds  do  not,  however,  extend  below  the  Cretaceous 
rocks  near  Wallingford  seems  evident  from  the  record  of  the 
well-boring  at  ShilTingford,  to  which  attention  has  already  been 
drawn  (p.  127). 

In  the  general  section  taken  from  Faringdon  across  country  to 
the  south-east  of  England  (Fig.  145,  p.  299)  the  structure  indicates 
a  syncline  in  the  tJurassic  rocks  that  may  extend  in  a  north- 
easterly direction  beneath  the  range  of  the  Chiltern  Hills.  Hence 
the  Portland  Beds  from  Great  Milton  to  Aylesbury  may  form 
an  irregular  basin  of  strata,  and  the  Kimcridge  Clay  and  under- 
lying Jurassic  rocks  may  in  succession  occur  directly  beneath  the 
Cretaceous  covering  as  we  proceed  towards  the  south-east  from 
the  neighbourhoods  of  Thame  and  Aylesbury. 

♦  Geol.  parts  of  Wilis,  &c.  p.  25. 

t  Quart.  Joum  Geol.  Soc,  vol.  xzxvi.  p.  209  ;  see  also  Etheridge,  Stratigraphical 
Geology  and  Paleontology,  IBS 5,  p.  480. 

X  Geol.  parts  of  Wilts,  &c.  p.  27 ;  fee  also  Godwin- Austen,  Quart.  Joura.  Geol. 
6oc.,  Tol.  Ti.  p.  46S. 
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At  Culliam,  to  the  south-east  of  Abingdon^  there  is  evidence  of 
the  presence  of  the  passage-beds  from  Kimeridge  Clay  to 
Portland  Beds^  for  John  PtiiUips  in  1860  noted  the  occurrence 
there  of  fossils  like  those  of  Hartwell,  near  Aylesbury.  (See 
p.  167.)  Moreover  at  Toot  Baldon^  five  miles  north-east  of 
Culham^  he  noted  the  occurrence  of  beds  of  sand  and  sandstone^ 
with  some  black  pebbles,  and  obtained  from  them  an  Ammonite 
(belonging  to  the  group  of  Ammonites  polyplocus\  also  Pecten, 
Cardium,  and  other  fossils.*  The  occurrence  of  this  pebbly  bed 
is  interesting,  especially  when  we  note  the  presence  of  lydite-beds 
in  the  Portland  rocks  of  Swindon,  Brill,  and  Aylesbury.  Further 
investigation  of  these  beds  near  Toot  Baldon  is  therefore 
desirable. 

The  Portland  rocks  form  a  large  outlier  extending  from 
Shotover  Hill  to  Garsington  and  Cuddesden  ;  and  the  lower  beds 
have  been  exposed  in  excavations  at  brickyards  that  are  opened  in 
the  Kimeridge  Clay. 

As  remarked  by  Prof.  Hull^  "  Over  the  northern  part  of  the 
hill  it  is  seldom  that  the  upper  bed  of  limestone  is  vbible,  as  the 
iron-sands  of  the  Lower  Greensand  rest  generally  upon  the 
yellow  sand  of  the  Portland;  but  at  the  southern -part  of  the 
range  the  upper  limestones  occur  in  force."  He  notes  a  section, 
one  mile  north  of  Garsington^  showing  white  oolitic  limestone 
(Portland  Beds)  with  Ostrea^  Trigonia^  &c.  overlaid  irregularly 
by  Lower  Greensand.t  (See  Fig.  100.)  The  presence  of  Purbeck 
Beds  at  Garsington  was  observed  by  Fitton  (see  p.  278),  and 
he  also  noted  a  section  near  Langcombe,  where  the  lower  sandy 
Portland  Beds  were  seen.t 

Fig.  100, 
Section  near  Garsington,  south-east  of  Oxford. 

(Prof.  E.  Hull.) 


A.[Soil. 

B., Lower  Greensand:  Beds  of  variegated  sands  and  clays,  with 
lenticular  bands  of  iron-ore. 

0.  Portland  Beds :  White  oolitic  limestone,  much  eroded  at  the  npper 
sorfaoe,  containing  Trigonia,  Pinna,  Ostrea  expansa,  &c. 

Shotover  Hill,  which  lies  to  the  east  of  Oxford,  includes  the 
commons  of  (^jovrlej  and  Horsepath,  and  afiEords  some  famous 
sections  of  the  Portland  Beds  and  Lower  Greensand.  (See  p.  278.) 

*  Quart.  Journ.  Geol.  Soc,  vol.  xvi.  pp.  810,  811.    See  also  Hall,Explaii.  of  Hor. 
Sec.,  Sheets  71  and  72,  p.  2  ;  and  Green,  Rep.  Brit.  Assoc,  for  1894,  p.  644. 
t  Qeol.  parts  of  Oxfordshire  and  Berkshire,  p.  11. 
}  Tranf .  Geol.  Soc,  ser.  2,  toI.  iv.  p.  278. 
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The    general    section    above    Headington    may    be    noted    as 
follows : — 


Ft.  Ik. 


Lower 
Greensand 


80 
1 


0 


Portland 
Beds. 


2    0 


White  and  buff  sands,  cherty    sandstones,   fer- 
ruginous sands  with  ironstone  and  ochre,  clay 
and  fuller's  earth  ;  total  (thickness  according  to 
Phillips)     ------ 

r?.  Hard  brown  sandstone  with  Trigonxa    - 
6.  Eubbly    limestones    with    casts    of   Trigonia, 

Cerithium  portlandicum^  &c. 
5.  Greenish  (glauconitic)  gand  with  shelly  bands, 

Cardium  dissimile, 
4.  White  sand  with  large  spheroidal  masses  of 
calciferouB  sandstone  known  as  "  sand 
bailers**  or  "giant's  marbles,"  some  being 
8  to  6  feet  in  diameter.  Shelly  in  places, 
with  bored  shells  of  Oetrea  and  Perna. 
3.  Sandy  loam  and  pipe-clay  -  -  - 

2.  Eiaycr  of  ironstone. 

1.  Brown  and  greenish    sands    with  some  hard 
masses  and  doggers  of  sandstone ;  shelly  at 
top,  with  Perna, 
Kimeridge  Clay. 

I  was  unable  to  measure  the  thicknesses  of  the  beds^  but 
Phillips  lias  estimated  that  the  Portland  Beds  at  this  locality  are 
from  70  to  80  feet  thick. 

Bed  7  is  noted  on  the  authority  of  Strickland  (as  quoted,  by 
Fitton) ;  it  may  be  the  bed  from  which  Mr.  Teall  obtained  a 
specimen  of  Trigonia  gibbosa  var.  damoniana* 

Beds  1-3  may  doubtless  be  grouped  with  the  Lower  Portland 
Beds.  From  these  "Shotover  Sands"  Prof,  Blake  records 
Pholadomya  tumida,^  From  some  of  the  large  doggers  Mr,  James 
Parker  has  obtained  Perna,  Lima,  and  Trigonia;  and  he  ha.8 
found  Astarte  harttoellensis  in  the  top  Kimeridge  Clay  at 
Wheatley. 

The  upper  shelly  beds  of  Shotover  yield  the  following  fossils : — 

Cerithium  portlandicum. 
Katica  elegans. 
Cardium  di&simile. 


Luoina  portlandica. 


Ostrea  expansa. 
Pecten  lamellosus. 
Trigonia  gibbosa. 


Among  other  fossils  from   the  Portland  Beds,   recorded  by- 
Phillips,  arc  the  following : — J 


Ammonites  pectinatus. 
—  trifidus  (triplex). 
Littorina  paucisidcata. 
Pleurotomaria  rugata. 


Modiola  ungaicuhitos. 
Pema  mytiloides. 
Pholadomya  insBqualis. 
Pinna. 


L.  Saemann  in  a  section  of  Shotover  Hill  noted  Purbeck  Beds  ? 
aboTe  the  strata  with    Trigonia  gibbosa;^   this  may   have    been 


*  Fitton,  Trans.  Geol.Soc,  ser.  2,  vol.  iv.  pp.  275,  278  ;  Teall,  Potton  and  Wicken 
Phospbatic  Deposits,  pp.  32,  &c. 

t  Quart.  Journ.  Geol.  Soc,  vol.  xxxvi.  p.  213,  and  Plate  VIII. 

X  Ibid.,  vol.  xiv.  p.  238,  and  Geology  of  Oxford,  8cc.  pp,  326,  413,  421  j  see  also 
Hull,  Geol.  parts  of  Oxfordshire  and  Berkshire,  p.  12. 

§  De  Lorlol  and  Pellat,  Mem.  Soc.  Phys.  Hist.  Nat.  Geneve,  vol.  xlx.  1866,  Plate 
l,Fig.  6 
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but  a  general  reference,  as  no  Purbeck  Bedd  have  been  observed 
nearer  than  Combe  Wood,  south  of  Wheatley.     (See  p.  278.) 

A  mass  of  Portland  strata  appears  from  beneath  the  covering 
of  Cretaceous  rocks  at  Great  and  Little  Milton,  and  the  stone- 
beds  have  been  worked  beneath  the  Lower  Greensand  at  Great 
Hazeley  and  near  Great  Milton. 

The  section  which  1  saw  at  Great  Milton  was  on  the  eastern 
side  of  the  village,  and  there  the  following  beds  were  to  be 
seen : — 

Ft. 
Brown  loamy  soil, 
f  Sand  with  bands  of  white  and  ochreous 
I      clay,  with  lignite         -  -    3    0  to  6 

J  Bnff     and    white    false -bedded     sand 


In. 


0 


Lower 
Greensand. 


Portland 
Beds. 


< 


with  ferruginous  layers  and  concre- 
tions; with  at  base  lydite  peb]>les 
and  ironstone  -  -  -30  to  60 

'Bubbly  bed  of  sand  with  hard  calcareous 
sanastone  and  chert ;  Ostrea  expansa. 
This  had  the  appearance  of  a  remanie 
bed,  like  that  described  by  Prof. 
Blake  at  Great  Hazeley*         -    3    0  to  4      p 

Clayey  and  shelly  layer  with  hard 
nodules  -  -  -  -      0      4 

Hard  calcareous  sandstone,  cherty  in 
places,  passing  down  into  grey  and 
greenish  sandy  oolitic  limestone 
(burnt  for  lime)  ;  with  Ostrea, 
Trigonia :  seen  to  depth  of    -  -      6      0 

A  section  at  Great  Hazeley  showed  the  following  beJs  : — 

Ft.  In. 
'Ironstone  -  -  -  -      4      0 

Ochreous  and  white  clays  with  bands  of 
J      ironstone  and  ferruginous  sand :  more 
^      sandy   towards   the   base   and  false- 
bedded  -  -  .  -     15      0 
(^Laminated  clay  and  ironstone, 
r  Fine  mealy  calcareous  sand. 
•<  Shelly,  earthy,  and  sandy,  oolitic  rock, 
L     witn  Trigonia,  &c.     -            -            -      3      0 


Lower 
Greensand. 


Portland 
Beds. 


The  beds  were  much  disturbed  at  the  surface,  and  the  Lower 
Greensand  rests  so  irregularly  on  the  Portland  Beds  that  the 
details  shown  in  the  sections  vary  considerably  from  time  to  time. 
Prof.  Hull  noted  the  presence  of  small  pebbles  of  lydian  stone 
in  sandy  oolite,  which  rested  on  2  feet  of  white  sand.  Above 
the  oolite  there  was  then  exposed  5  feet  of  chalky  limestone,  with 
Ostrea  expansuy  &c.  This  bed  he  observed  was  sometimes 
eroded.t     It  is  the  layer  called  "  Cvurl "  by  Fitton. 

Prof.  Phillips  mentions  that  "At  Great  Hazeley  the  Portland 
stone  has  been  quarried  from  ancient  time,  and  it  there  furnishes 
a  limited  supply  of  better  quality  than  usual  for  building,  being 
of  good  colour  and  firm  and  equal  texture,  except  for  the  shells, 


£er 


*  Quart.  Joum.  Geol.  See,  vol.  xxxvi.  p.  214. 

t  Geol.  parts  of  Oxfordshire  and  Berks,  p.  11;  Sec  also  Fitton,  Trans.  Geol.  Soc., 

r.  2,  vol.  iv.  p.  276 ;  and  Blake,  Quart.  Journ.  Geol.  Soc,  vol.  zxxvi.  p.  218. 
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which^  however,  mostly  lie  in  bands.  A  thick  grey  or  greenish 
sand  is  at  the  bottom  ;  over  this  the  stony  series,  the  lower  part 
workable  freestone,  the  top  hard  splintery  limestone,  2  feet 
thick,  much  jointed,  fit  for  roads  and  rough  walling,  called 
'  Curl,'  which  suggests  the  idea  of  Purbeck  beds.  This  is 
immediately  followed  by  the  iron-sand  and  clay  series/'* 


Thame,  Brill,  and  Aylesbury, 

Reference  has  already  been  made  to  the  possible  underground 
course  of  the  Portland  Beds  beneath  the  Cretaceous  rocks  in  this 
neighbourhood  (p.  216).  At  Thame  there  are  now  but  few 
sections  of  the  Portland  Beds  to  be  seen,  but  fortunately  here  as 
elsewhere  we  have  the  careful  records  of  Fitton. 

The  following  section  of  a  pit  at  Barley  Hill,  north-east  of 
Thame,  was  recorded  by  Fitton  : — t 


Upper 

Portland 

Beds. 


Lower 

Portland 

Beds. 


Soil  and  loam     ..... 

Irregular  concretional  lumps  of  calcareous 
stone,  with  green  particles,  interspersed  in 
sand:  Pcma,  Lithodomu^,  AmmoniteSf  &c.  - 

Greenish  sand,  with  conoretions  of  stone  near 
the  top  .  -  .  -  - 

Coarse  stone,  interspersed  in  sand ;  with 
Ammonites,  Trigonia  gilibosa,  &c. 

More  compact  and  uniform  greenish  or  bluish 
rock,  with  green  particles  ;  like  soft  Kentish 
rag.  In  some  or  the  quarries  it  is  fit  for 
building  -  -  -  .  - 


Ft.  Lr. 
2    6 


G  0 
1  0 
1     3 


1    0 


>>  Sand  ;  with  nodules  of  great  size        -    about    30    0 


The  Lower  Portland  Beds  were  exposed  to  the  west  of  Thame, 
south-west  of  Priestend,  where  a  pit  was  opened  in  false-bedded 
greenish-grey  and  buff  and  white  sand.  Streaks  of  clay  occur 
here  and  there,  and  towards  the  top,  where  the  sand  becomes 
ochreous,  there  were  fissile  and  impersistent  beds  of  glauconitic 
sandstone. 

At  Long  Crendon  the  following  sequence  of  beds  may  be 
observed  in  brickyards  and  stone-pits  : — 


Gault 

Lower 

Greensand. 

Purbeck 

Beds. 


Upper 

Portland 

Beds. 


:} 


Clay        -  .  -  -  - 

/Clay  and  sand,  with  ironstone-nodules 
\  Laminated  Clay  -  .  - 

/  Variable  beds  of  marly  clay,  goft  marly  lirae- 
\      stone,  &c.,  with  Cyprides      -  -  - 

Pale-grey  and  greenish  marl,  with  Trigonia 
gihhosa,  Ostrea  expansa,  passing  down  into 
more  fossiliferous  bed  with  Ammonites,  casts 
1       of  Trigonia  gihhosa,  Cardium  dissimile,  Pleu- 
I       romya  tellina,  and  Pema,  with  seam  of  shelly 
marl  at  base    -  -  -  .  - 

Greenish    and    hrown    calcareous    sandstone 

about 


Ft.  In. 
5    0 

2    0 


4    0 


4    6 
3    6 


*  Geol.  Oxford,  &c.,  p.  417. 

t  Tmni.  Geol.  Soc,  ser.  2,  vol.  iv.  p.  282. 
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The  beds  below,  detoribed  by  Fitton  as  seen  "  on  the  descent 
towards  Thame,"  werQ  as  follows : — * 


Upper 

Portland 

Beds. 


Ft.  In. 

Sand  with  green  particles  (glanconite)  and 
conci'eted  nodules      -  -  •  -29 

Bubbly,  sandy,  and  calcareous  stone,  with 
green  Barticles :  Trigonia.  At  its  junction 
with  tnc  bed  below,  and  for  about  6  or  8 
inches  downwards,  '*  are  worn  fragments  of 
black  flint "  (lydite)   -  -  -  12    0  to  18    0 

J  Greenish  grey  sand,  with  Trigoniat  Fema, 
«fec.      -  -  -  -  -    about    30    0 

Clay        ----.. 


Upper 

Portland 

Beds. 


:} 


2 
1 

4 
0 
1 


0 
0 

0 
6 
0 


0 


Lower  Port- 
land Beds 
and  Hart- 
well  Clay. 

At  Brill  brickyard,  and  in  an  adjoining  quarry  on  the  north- 
western side  of  the  hill,  the  following  beds  were  exposed  : — 

Ft.  Iir. 
Oolitic  and  shelly  rock  - 
Oolitic  marl 

Marl,  with  Ostrea,  expansa 
Chalky  rock,   with  Ammonites,  Lucina  port' 
landicd,  Trigonia        .... 
Brown  clay,  with  Ostrea  ... 

Oolitic  earthy  rock        -  .  -  . 

Greenish  sandy  and  marly  beds  T 

Pecten  lumellostu 
Glauconitic     marljr    limestone,  [^^  7    0  or  8 
becoming  sandy  m  lower  part :  j 
Cardium  diseimiU,  Ammonites  I 
qigantetie,     Trigonia,     Ostrea,] 
Kests  of  green  sand  in  places. 
I  Lydite  bed :  brown  clay  with  pebbles  - 
Lower  Port- 
land  Beds 
and  Hart- 
well  Clay, 
passing  down 
into  Kime- 
ridge  Clay. 

This  section  agrees  in  the  main  points  with  that  recorded  by 
Fitton,t  who  enumerates  a  number  of  fossils. 

The  pits  were  visited  under  the  guidance  of  Prof.  J.  F.  Blake 
in  1893,+  who  remarked  that  the  sandy  clay  at  the  base  yielded 
JPenia,  and  should  be  correlated  with  the  Hart  well  Clay.  The 
fossiliferous  glaucoaitic  bed  he  regarded  as  Lower  Portlandian 
(Bolonian),  and  identified  the  following  fossils  : —     ^ 


Brown  and  greenish  mealy  sand 

Sandy  clay,  passing  down  into  stiff  blue  clay, 

with    iridescent     Ammonites:    A.    hiplex, 

Thracia  -  -  - 

Astarte  hartweUensis. 


1    0 
3    0 


20    0 


±  Ammonites  biplex. 

X boloniensis. 

X  Cardium  Pellati. 

xLima  rustica. 

X  Mytilus  boloniensis. 


X  Fee  ten  lamel  loans. 
X  Pern  a  Bouchardi. 
X  Pleuromya  tellina. 
X  Trigonia  muricata. 
=fc Pellati. 


*  Trans.  Geol.  Soc,  ser.  2,  vol.  iv.  p.  282;  see  also  J.F.  Blake,  Proc.  Geol.  Assoc., 
vol.  xiii.  p.  74. 

t  Trans.  Geol.  Soc,  ser.  2,  vol.  iv.  pp.  280,  299  ;  see  also  AVhitaker,  in  Geol.  Ban- 
bury, pp.  47-49  ;  J.  Mitchell,  Proc.  Geol.  Soc.,  vol.  ii.  p.  6  ;  Brodie,  Quart  Jouro. 
Geol.  Soc,  vol.  xxiii.  p.  197. 

X  Proc.  Geol.  Assoc,  vol.  xiii.  p.  73  ;  Quart.  Joum.  Geol.  Soc,  vol.  xxxvi.  pp.  209, 
226,  &c. 
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He  remarked  that  the  lycUte-bed  was  not  to  be  confounded 
with  one  which  occurs  at  the  base  of  the  Tr/^owia-beds  at  a 
higher  level ;  but  in  this  I  cannot  concur,  for  all  the  species  above 
noted  are  recorded  by  Prof.  Blake  himself  from  the  higher  stages 
of  the  Portland  Beds,  those  marked  x  occurring  in  the  ''Trigonia' 
beds"  above  the  lydite-bed  at  Swindon,  and  the  two  species 
marked  i  occurring  elsewhere  in  equivalent  or  higher  stages> 
as  well  as  in  lower  stages. 

Other  outliers  of  Portland  Beds  occur  at  MuswoU  Hill,  north- 
west of  Brill,  at  Ashendon,  Nether  and  Over  Winchcndon  and 
Coney  Hill,  Waddesdon,  Quainton  Hill,  &:c.  Mr.  Whitaker 
noted  the  presence  of  limestone  on  Muswell  Hill ;  it  occurs 
above  the  glauconitic  sands.* 

Sections  at  Quainton  Hill  have  been  described  by  Fitton  and 
others.t  Fitton  notes  the  occurrence  of  a  large  Ammonite  with 
a  Belemnite  embedded  in  it. 

Prof.  Blake  describes  the  upper  layer  of  the  Portland  Beds  of 
Buckinghamshire  as  a  "compacted  shell-brash,"  while  below  come 
beds  which  he  groups  as  "  Creamy  Limestones.''  These  include 
the  stone  chiefly  quarried  for  building-purposes  and  lime;  and 
they  are  characterized  by  Natica  ceres.  Among  other  fossils  he 
notes  the  following  : — % 


X  Ammouitea  boloniensis. 

X pseudogigas. 

X trifidus  (triplex). 

Cerithium  porblandicum. 

Natica  elegans. 
X  Plcurotomaria  ragata. 
X  Oardium  dissimile. 

Cytherea  rugosa. 

Exogyra  bruntrutana. 


xLima  rustica. 

Lncina  portlandica. 

Ostrea  expansa. 
X  Pecten  lamellosus. 
X  Perna  Bouchardi. 
X  Pleuromya  tellina. 
X  Trigonia  gibbosa. 

X incnrva. 

X Pellati. 


On  a  lower  horizon  are  limestones  which  he  terms  the  "  Kubbly 
Bods."  Of  the  species  before  mentioned  from  the  ^'  Creamy 
Limestones,"  those  marked  x  occur  also  in  these  ^*  Rubbly  Beds." 
They  include  also  the  following  species  : — 


AmmoDites  pectinatus. 
Cardium  Pellati. 
Myoconcha  portlandica. 
Mytilus  boloniensis. 


Ostrea  solitaria. 
Trigonia  muricata. 
Yoltzi. 


9 

Below  these  strata  come  the  Glauconitic  Beds  and  Lydite-bed 
to  which  attention  has  already  been  drawn. 

One  of  the  most  interesting  features  in  connexion  with  these 
beds  is  the  occurrence  of  the  conglomeratic  band  at  the  base  of  the 
Portland  Stone;  because  we  find  a  similai*  bed,  occupying 
apparently   the   same   position,    at   Tisbury,    near  Devizes,   and 


*  Geology  of  Banbury,  &c.,  p.  47.    See  also  Fitton,  Trans.  Geol.  Soc,  s<:r.  2,  vol. 
iv.  p.  283. 

t  op,  cit.  p.  290  ;  J.  Mitchell,  Proc.  Geol.  Soc,  vol.  ii.  p.  6. 
j  Quart.  JouTD.  Geol.  Soc,  vol.  xxxvi.  p.  216. 
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Swindon,  and  also  at  Ayleebury  and  Hart  well,  where  the  strata 
have  been  so  fuUy  investigated  by  Mr.  Hudleston,*  and  others. 
In  the  Aylesbury  district,  as  pointed  out  by  Mr.  Hudleston,  the 
lydite-bed  rests  on*  the  Hartwell  Clay  ;  at  Swindon  it  rests  on  a 
bed  termed  the  Swindon  Clay. 

Much  has  been  written  about  the  Hartwell  Clay,  because,  as 
first  pointed  out  by  Sa5mann^  the  fossils  it  has  yielded  differ  from 
those  of  the  true  Kimeridge  Clay  ;  and  he  therefore  classed  it 
as  equivalent  to  the  "  Middle  Portlandian  "  of  Boulogne.f 

There  can  be  no  question  that  the  clay  below  the  Portland 
Stone  at  Swindon  is  homotaxial  with  the  Hartwell  Clay,  for 
although  the  Swindon  Clay  is  not  so  fossiliferous  as  that  at 
Hartwell,  yet  it  has  yielded  some  species,  and  the  beds  im- 
mediately below  the  Swindon  Clay  have  yielded  many  fossils 
identical  with  those  of  the  Hartwell  Clay,  as  shown  by  the  lists 
of  Prof  Blake  and  Mr.  Hudleston.  Among  the  species  thus 
found  are  the  following  : — 


Amraonites  biplex. 
Astarte  SaBmanni. 
Cardium  morinicum. 
Oyprina  elongata. 
—  pulchella. 
Exogyra  bruntrutaiia. 
Myoconcha  SaBmanni. 
Mjtihis  autissiodorensis. 


Mytilus  boloniensis. 
Ostrea  bouoniaB. 
Pecten  lens  var.  Morini. 
Pema  Bouchardi. 
Pinna  saprajorensifl. 
Placunopsis  Lycetti. 
Trigonia  Pellati. 


Hence  we  may  admit  that  on  stratigraphical  and  palaeontological 
gi'ounds  the  Hartwell  Clay  belongs  to  the  Lower  Portland  Beds. 

Where  the  lydite-bed  occurs  the  Lower  Portland  Beds  appear 
to  be  more  distinctly  separated  than  in  other  areas  from  the 
Portland  Stone,  but  this  is  a  local  feature,  and  is  not  the  case  on 
the  Dorset  coast,  where  no  conglomeratic  bed  has  been  observed 
at  the  base  of  the  Upper  Portland  Beds.  The  lydite-bed,  with 
its  associated  phosphatized  fossils,  thus  indicates  some  local 
change  accompanied  probably  by  a  pause  in  the  deposition  of 
sediment,  but  there  is  no  pala^ontological  break. 

The  Portland  and  Purbeck  Beds  of  Hartwell  and  Aylesbury 
have  been  repeatedly  described  by  Prof.  Morris,!  Prof.  J.  F. 
Blake,§  and  Mr.  W.  H.  Hudleston. ||  The  Beds  have  been  opened 
up  at  the  Bugle  Pit,  near  the  Bugle  Inn  at  Hartwell,  in  the 
brickyard  on  the  road  to  Aylesbury,  and  Ia  various  places  at 
Aylesbury  and  Bierton.  The  general  section  may  bo  stated  as 
follows : — % 


*  Proc.  Geol.  Assoc,  vol.  yi.  p.  344,  vol.  x.  p.  167. 

t  Sa^mann  in  De  Loriol  and  Pellat,  Etage  Portlandien  des  environs  de  Boulogne. 
Mem.  Soc.  Phys.  Hist.  Nat.  Geneve,  vol.  xix.  1866,  pp.  189,  196,  and  Plate  1,  Fig.  7. 

X  Proc.  Geol.  Assoc,  vol.  iii.  p.  210.  « 

§  Quart.  Journ.  Geol.  Soc,  vol.  xxxvi.  p.  215  ;  xxxi.  pp.  211,  212. 

II  l^oc.  Geol.  Assoc,  vol.  vi.  p.  346,  vol.  x.  p.  167.  (A  fuller  account  of  one 
Excursion  was  printed  in  the  "  Backs  Herald,**  for  June  18,  1887.) 

t  See  H  B.W.,  Explanation  of  Horizontal  Section,  Sheet  140  (Geol.  Survey^. 
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uppbk  oolitic  books  op  england: 

Fig.  101. 
Section  at  Aylesbury. 


Pi.  In.  Fi.  Is. 
12.  Rubby  Boil  and  stony  clay  (Drift) 
ftlling  holIowB  and  irregularities  of 
beda  below. 
11.  Grey  and  greeni»<h  marls  and  clays 
with  "  race  "  (concretinna  of  car- 
bonate of  lime)  aod  bands  of  paie 
earthy  limestone,  obscnrely  oolitic 
in  places ;  dark  clay  at  base  -10  0  ti  11  0 

10.  Hard  fissile  and  jointed  marl 
("Pendle")  with  Cyprides,  My- 
tilut  ?  Fish-remaina,  and  Insects  -    —      0    9 


-Bz. 


'.  Brown  calcareooe  sandy  bed  with 
Anvmoaii^  gigattleni,  Oilrea  ex. 
pama,  and  Cyprides  -  -  0    7 

>.  Hard  limoBtone  (like  Portland 
"roach")  with  casts  and  monids  of 
of  Tru/onia  Maiueli,  &c,     •  -  1    0 

'.  Shelly  clay  with  Otlrea  and  com. 

minuted  shellB,  [Cyprides]  -  0    i 

i.  Three  or  fonr  beda  of  creamy  bine- 
hearted  marly  and  shelly  limestone 
with  Natica  eeree,  &c.         -  .70 

1,  Hard  preeniBh-grey  gritty  limestone  1     8 

!.  Green ish-yellow  sands  -  -  5    6 

I.  Tongh  blaish -limestone  (seen  to 
depth  of  3  feet  6  inches)  =  nnfOB- 
siliferonB  npper  part  of  "  Bnbbly 
limestones. 


From  the  limestone-beds  (6  to  8),  some  of  which  are 
nsed  for  building- purposes  and  burnt  for  lime.  Prof. 
Jllake  records  Ammonilet  baloniensie,  Trigonia  gOiboia, 
Perna  Bouehardi,  Cardittut  ditiimile,  Feeien  lameUotur, 


Examples  of  llie  large  AmmoDitea  were  buiit  in  the  walls 
bounding  Hartwell  Fork,  in  the  time  of  the  former  proprietor. 
Dr.  John  Lee. 

In  other  spots  at  Aylesbury  lower  beds  have  been  traced,  the 
to^n  iteell",  as  remarked  by  Mr.  Hudleston,  being  based  to  a  large 
extent  on  the  "  Rubbly  limestones"  (of  Prof.  Blake),  very 
foBsiliferoue  beds,  to  which  the  name  "  Aylesbury  Limestone  "  has 
been  applied.*  These  beda  were  well  shown  during  drainage- 
operations  by  the  George  Hotel  in  Aylesbury,  and  the  lydite-bed 
was  disclosed  "about  1?.  feet  below  the  surface   in  the  lower  part 


'  Xume  used  by  Farey  Ed  ISII. 
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of  the  Market  Place,  opposite  the  *  Green  Man.'  "    The  succession 
is  continued  thus  : — 


Upper 


f"3.  Rubbly  white  limestones  (like  Portland 
** roach'*)  with  many  fossils,  including 
some  of  the  si)ecie8  mentioned  above,  to- 
gether with  Pleiiromya  iellina,  Myoconcha 


Ft.  In. 


•p.^vl.^J  portlandica,   Unicardium  circulare.  Cat' 


Beds. 


divm  Pellati,  Trigonia  Pellati,  &c.  -      8    0 

2.  Yellow  and  greenish  sands  (6  or  8  feet), 

with  conglomerate  or  lydite-bed  at  base, 

yielding  Ammonites ^  Cardium  disaimile, 

Pleuromya  tellina,  Serpula,  &c.  -  -     10    0 

1.  Clays  with  Anvmonliea  biplex,   Belcmniies 

I  Oweni,  B.  Souichi,  Area  longijmn^tata, 

Astarte  hartwellensiSy  A.  SoBtnanni,  Gat' 

Hartwell J  dium  morinicum,  Cyprina  pulchella^  C, 

Clay.      ]  elongata,      Ostrea     Itpviibaculaf     Mytihts 

holoniensis,    Pecten    lens    var.    Morini,  - 
Pema    Bouchardi,     Pleuromya    /eZZina, 
Thracia  tenera,  Trigonia  Peltati. 

The  Portlandian  conglomerate  occurs  in  a  disintegrated  form 
at  a  brick-pit  on  the  Bierton  Soad>  Aylesbury,  and  as  a  hard  blue- 
rock  at  the  brickyard  (Locke's  pit)  between  Aylesbury  and  Hart- 
well.  It  is  composed  of  quartz  and  black  siliceous  pebbles  known 
as  '^  lydites."  These,  as  Mr.  Hudleston  remarks,  may  be  derived, 
some  from  Palaeozoic  cherts,  others  from  indurated  siliceous  beds 
of  mechanical  origin,  such  as  are  found  in  these  old  rocks.  They 
are  extremely  hard,  but  usually  contain  more  alumina  than  time 
flint.  This  conglomerate  band  is  4  or  5  feet  thick,  and  contains 
glauconite ;  Mr.  Jukes-Browne  and  I  have  also  obtained  phosphatic 
nodules  and  some  phosphatized  fossils. 

About  10  feet  of  grey  micaceous  clay  was  exposed  at  Locke's 
brickyard,  and  as  much  as  23  feet,  according  to  Mr.  Jukes- 
Browne,  at  the  Bierton  brickyard.  There  the  clay  beneath  the 
pebbly  layer  is  very  sandy  towards  the  top,  where  it  contains 
glauconite,  and  there  the  shells  ha\  e  been  destroyed  by  atmo- 
spheric agencies.  At  Aylesbury,  as  noted  by  Mr.  Hudleston,  the 
clay  opened  up  during  drainage-excavations  was  perfectly  fresh 
up  to  its  junction  with  the  overlying  strata,  and  well-preserved 
fossils  were  found  in  it. 

No  outcrop  of  sandy  beds  such  as  we  find  near  Swindon  has 
been  traced  beneath  the  clay  at  Hartwell,  for  the  **  Portland 
Sands,"  marked  on  the  Geological  Survey  Map?,  and  on  the 
Sections  between  Stone  and  Coney  Hill,  belong  to  the  beds  above 
the  conglomerate.  The  record  of  a  well-boring  at  Stone  is 
given  on  p.  337.  This  record,  however,  is  not  sufficiently  precise 
to  enable  us  to  fix  the  horizons  of  the  beds  with  certainty.  It  is, 
moreover,  evident  that  the  sands  of  the  Lower  Portland  Beds  are 
gradually  replaced  by  clay  as  we  proceed  northwards.  At  Brill, 
beneath  the  lydite-bed,  there  is  3  feet  of  brown  and  greenish 
sand,  which  passes  down  gradually  into  stiff  blue  clay,  yielding 
Ammonites  biplex^  Thracia^  &c.,  and  is  not  separable  from  the 
Kimeridge  Clay. 
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A  section  noted  by  Mr.  A.  Strahan  on  the  new  Metropolitan 
Extension  Railway  near  Bishopstone,  showed  beneath  the  Gault, 
with  its  coprollte-bed,  the  following  Upper  Portland  Beds  : — 


Limestone  with  hard  layer  at  hase  (6  to  8  ins  ) 
Sand  [Equivalent  to  bed  4  in  the  Section  p.  *224.] 
Limestone     ------ 

Hard  blue  shaly  stone  seen  to  depth  of 


Ft.  Ik. 
3      ^ 
5      0 

2  6 

3  0 


The  Portland  Beds  had  a  slight  dip  towards  the  south-east,  so 
that  the  Gault  overlapped  the  top  limestone  to  the  north  and 
rested  directly  on  the  sand.  Judging  by  this  section  the  Portland 
Beds  may  extend  some  distance  beneath  the  Cretaceous  covering 
towards  Wendover.     (See  p.  216.) 

The  following  species  from  the  Upper  Portland  Beds  of 
Aylesbury  and  Hartwell,  include  tho^-e  in  the  collection  of  the 
late  Dr.  John  Lee  (L.),  determined  by  Messrs.  Sharman  and 
Newton  (1888)  ;  and  those  recorded  by  Mr.  Hudleston  (IL).  The 
numbers  1  refer  to  the  Lydite-bed ;  2   to  the  Rubbly  Beds,  and 


3  to  the  higher  strata  : — 

Ammonites  biplex.      1  (H.\ 

2  (H.). 

boloniensis.     2  (H.). 

giganteus.    (L.) 

pseudogigas.*    (L.) 

triplicatus,     (L.) 

Natica  ceres.     3  (Blake.) 

elegans.    2  (H.  L.). 

incisa.     (L.) 

Neritoma,  n.  sp.     (L.) 
Pleurotomaria      rugata. 

1(H.?),  2(L.). 
Pseudomelania  collisa.     (L.) 
Trochus.     2  (H.). 
Area.     2  (H.  L.). 
Cardium  dissimile.     1  (H.). 

2  (H.  L.). 

Pellati.    1,2(H.). 

Cyprina  elongata.     (L.) 
Exogyra  bruntrutana.  2  (H.). 
Lima  boloniensis.     2  (H.). 

rustica.    2  (H.  L.). 

Lucinr.    2  (11.). 

Modiola  unguiculata.    1  (L.). 

Myoconcha    portlaudica. 

2  (H.L.). 
Mytilus  boloniensis.     2  (H.). 
jurensis.     1,  2  (H.). 


Ostrea  expaiisa.     (0.  fdlcata 

of  Morris),  3  (L.). 
Pecton  lamellosuB.      1  (L.), 

2  (H.>. 

solidus.     1,  2  (H.). 

Pema  Bouchardi.     2  (H.  L.). 
Pholadomya  tumida.     (L.) 
Pleuromya  tellina.  1  (H.  L.), 

2  CE.): 

Voltzi.     1  (H.). 

Quenstedtia.    2  (H.). 
Sowerbya  longior.  2  (Blake). 
Tbracia  depressa.     (L.) 
Trigonia  Carrei.     1  (H.). 

gibbosa.       1    (H.),     2 


(H.L.). 

—  incurva. 

—  Manseli. 


1  (H.). 
3     (Geol. 


Surv.). 

—  muricata.     (L.) 

—  Pellati.     1  (H.). 
tenuitexta.     (L.) 


Unicardium  circulare.       1 

(H.  L.). 
Eryma.     (L.) 
Vermilia  quinquangularis.    1 

(H.). 


The  following  is  a  list  of  fossils  from  the  Hartwell  Clay, 
including  species  in  the  collection  of  the  late  Dr.  Lee  (L.),  deter- 
mined by  Messrs.  Sharman  and  Newton,  and  those  recorded  by 
Prof.  J.  F.  Blake  (B.)  and  Mr.  Hudleston  (H.)  :— 


Pliillips  recorded  A,  gigas  from  Aylesbury,  Geol.  Oxford,  &c.,  p.  331. 
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Crocodilian  tooth.     (L.) 
Ammonites  biplex.     (L.) 

rotundas.     (L.) 

Belemnites  nitidus  (explanatus). 
(J.  Phillips.) 

Oweni.     (L.) 

Souichi.     (L.) 

Alaria.    (L.) 

Oerithium  crebrum  ?    (L.) 

multiplicatum.     (L) 

Ohemnitzia  Beaugrandi.    (L.) 
Delphinnla,  n.  sp.     (L.) 
Littorina.    (L.) 
Neritopsis  delphinula.    (L.) 
Pleurotomaria  reticulata.     (L.) 
Auatina,  n.  sp.     (L.) 
Anomia  DoUfusi.     (B.) 
Area  longipunctata.    (L.) 

semula  (mosensis.)    (B.) 

rhomboidalis.     (B.) 

Afltarte  hartwellensis.     (L.) 

—  (Lucina)  lineata.     (H.) 

—  mysis.    (L.) 

Saemanni.     (L.H.) 

Avicula.    (L.) 

Cardium  morinicum.     (H.) 

Btriatulum.     (L.) 

Gorbula  Deshayesea  (L.B.) 
Oyprina  elongata.     (L.) 

implicata.     (H.) 

pulchella.     (L.) 

Cytherea,  n.  sp.    (L.) 
Exogyra  brnntrutana.     (H.) 
Lima  duplicata.    (L.) 

—  rustica.     (L.) 
Myoconcha  Sa)manQi.    (L.) 


Myoconcha  texta.    (L.) 
MytiluB  autissiodorensis. 

bolonicnais.     (L.) 

pectinatus. 


(H.) 


Nucula  Mcnkei. 
Ostrea  bononia). 
—  duriuscula. 
ladviuscula. 


(L.) 
(B.) 
(H.) 

(L.) 


(=0.  deltaidea  of  Moms.)     (L.) 
Pecten  lamellosus.     (L.) 

lens  var.  Morini.     (L.) 

nitescens.     (L.) 

Thurmanni.     (B.) 

Pern  a  Bouchnrdi.     (H.) 

Flambarti.     (L.) 

mytiloides.     (L.) 

Pholadidea.  (?  boring  in  lignite.) 

(L.) 
Pholadomya  Protei.     (L.) 
Pinna  granulata.     (L.) 

suprajurensis.     (H.) 

Placunopsis  Lycetti.     (L.) 
Pleuromya  tellina.    (H.) 
Thracia  depressa.     (L.) 

tenera.     (H.) 

Trigonia  Pellati.     (H.) 
Lingula  oralis.     (L.) 
Bhynchonella  Bubyariabilis.   (H.) 
Waldheimia  boloniensis.    (L.) 
Eryma.     (L.) 
Glyphea.     (L.) 
Pentacrinns.     (L.) 
Cristellaria  nummulitica.  (L.) 

rotnlata.    (L.) 

Nodosai'ia    (of.)    raphanistnim. 
(L.) 


5  a 


In  the  irregular  outlier  of  Oving  and  at  Whitchurch  to  the 
north  of  Aylesbury,  there  are  several  quarries  in  the  Purbeck 
and  Portland  Beds,  and  in  one  between  the  two  villages  the 
foUowmg  section  was  to  be  seen  : — * 

Ft.  In. 
Thin  grey  soil      -  -  -  -    0    6  to  1    0 

'Grey  and  white  marls  with  impersistent  in-*^ 
durated  bands  passing  down  mto    -  -  I 

Pnrbeck     Hard   compact    limestone     and     caloareons  | 
Beds.  <      gritty  rock     -  -  -  -  -J 

Brown  calcareous  sands  with  casts  of  shells  - 
Grey  clay  -  -  -  .  - 

I  Clay  and  comminuted  shells,  ^Oyprides] 
Shell-bed  w  ith  Trigonia,  Cardium  dissimile  0    6  to  0    8 
Shelly  clay        -  -  -  -  -        0    6 

Very  tough  brown  and  grey  limestone  com- 
pact and  blue-hearted  -  -    1    0  to  1    6 
Shell-bed  with  large  Ammonites,  some  3  feet 
across,  Pecten  lamellotus,  Pleurotomaria,  &c. 

about  2    6 

Cyprides  were  observed  by  Prof.  Green  in  the  lowest  bed  of 
clay   here  grouped    mth    the  Purbeck  Beds.      Their  presence^ 


2 
0 
1 


0 
8 
6 


Upper 

Portlands 

Beds. 


*  See  also  section  by  Fitton,  Trans.  Geol.  See.,  ler.  2,  vol.  it.  p.  291. 


228  UPPER   OOLITIC   BOCKS   OP  ENGLAND: 

however,  as  shown  by  the  evidence  at  Hartwell  affords  no 
criterion  for  fixing  a  plane  of  division. 

The  hard  grey  limestone  near  the  base  is  quarried  for  building- 
stone  and  road-metal,  and  it  is  burjit  for  lime.  Many  old  walls 
in  Whitchurch  liave  been  constructed  of  the  shell-beds,  but  they 
weather  badly.  The  building-stone  is  grouped  by  Prof.  Blake  with 
the  *'  Creamy  Limestones,"  and  he  remarks  that  *'  a  large  part  of 
the  village  of  Whitchurch  has  this  for  its  natural  paving."* 

Below  these  beds  the  following  strata  have  been  noted  by 
Prof.  Green  : — 


Upper 
Portland 
and    •< 
Biurtwell 
Clay. 


'Soft  light  brown  sand  -  -  -  - 

Hard     white    limestone     with     Amnionitea 
**  giganteuSy**  &o.        -  -  -  - 

Yellowish  sandy  clay    -  -  -  - 

Sandy  and  ferruginous  clay  with  lydites 
Light  blue  and  yellow  clay  with  lydites 
Dark  bluish-black  clay. 


Pt. 

ly. 

8 

0 

6 

0 

0 

6 

0 

4 

4 

0 

He  has  remarked  that  to  the  south  of  Creslow,  east  of  Whit- 
church, "  quite  low  down  in  the  valley  is  a  mass  of  Portland 
Stone,  from  which  a  powerful  spring  breaks  out."  Whether  this 
mass  was  slipped  or  faulted  was  uncertain. 

The  Lower  Greensand  at  Oving  and  Whitchurch  lies  irregularly 
on  the  Purbeck  and  Portland  Bed^. 

There  is  an  outlier  of  Portland  Beds  at  Weedon,  south  of 
Hardwick,  described  by  Prof.  Green  as  comprising  limestones 
with  intervenmg  masses  of  sand  as  at  Whitchurch ;  and  inlying 
portions  of  the  beds  have  been  traced  beneath  the  Gault,  between 
Cublington  and  Wing,  and  they  outcrop  for  the  last  time  about  a 
mile  south  of  South  End,  Stewkley. 

Fitton  has  given  a  section  of  a  pit  at  the  Warren,  south  of 
Stewkley,  which  showed  2  or  3  feet  of  Purbeck  Beds  resting 
on  Portland  Beds,  as  follows  : — 

Purbeck  Beds.    Clay  and  rubbly  limestone 

'^ Marly  limestone,  with  Ostrea  expanea.  Ft.  In. 

Upper  Portland]     J'^c'fn  iomeMo^w,  Tri^oitia,  Keuroto- 

Bedfl  \     rnana^  large  Ammomteey  &c.  -  -  6    0 

I  Yellowish  grey  sand  about       -  -        7    0 

LDark  grey  stone,  nodular  in  character  2    0 

Mr.  Jukes-Browne  observes  that  Portland  Beds  appear  to  have 
been  reached  in  a  well  at  North  Oottesloe  at  a  depth  of  20  feet, 
and  Prof.  Green  notes  that  Portland  Beds  were  formerly' quarried 
east  of  Cublington. 

Fitton  has  stated  that  at  Dunton  the  lowest  bed  above  noted, 
is  represented  by  a  rubbly  calcareous  stone,  alternating  with  sand, 
the  whole  full  of  green  particles,  with  small  pebbles  of  black  flint 
(lydite).  Below  these  occurred  a  green  rock;  with  large 
Ammonites^  Perna,  &c.,  about  2  feet  thick,  and  still  lower  3  feet  of 
green  stone  had  been  opened  up.f 


*  Quart.  Joum.  Geol.  Soc.,  vol.  xxxvi.  p.  216. 
t  Trans.  Geol.  Soc.,  ner.  8,  vol.  iv.  p.  292. 
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Proi.  Green  was  unable  to  find  any  evidence  of  Portland  Beds 
in  situ  at  Dunton  and  Hogston.  He  observes  that  *^  The  Drift 
about  Hogston  is  very  sandy,  and  may  have  been  mistaken  for 
Portland  Sand,  and  in  many  places  pebbles  and  even  larse  blocks 
of  Portland  Limestone  lie  in  the  Drift  and  might  have  given  rise 
to  the  idea  of  there  being  Portland  Beds  in  place." 

We  have  now  come  to  the  north-easterly  termination  of  the 
Portland  Beds  that  have  been  proved  in  the  area  under  con- 
sideration. It  is  possible  they  may  extend  some  way  eastwards 
beneath  the  Dunstable  and  Luton  Downs,  but  we  have  no  evidence 
that  this  is  the  case.  Some  account  oF  the  strata  that  overlie  the 
Kimeridge  Clay  in  Lincolnshire  will  be  given  in  the  next 
Chapter ;  at  present  no  definite  evidence  of  Portlandian  Beds  in 
situ  has  been  obtained  in  that  region,  although  derived  fossils 
occur  in  the  nodule-bed  at  the  base  of  the  Spilsby  Sandstone. 
Particulars  of  the  Yorkshire  beds  have  been  given  by  Mr.  Fox- 
Strangways.* 

Sussex  and  Kent, 

Beds  of  Portlandian  age  were  probably  passed  through  in  the 
Sub-Wealden  boring,  but  nothing  distinctively  characteristic  of 
the  beds  was  obtained.  The  beds  evidently  vary  within  short 
distances,  for  one  record  given  of  these  beds  describes  them  as 
follows : — t 

Thickness,  j     Depth. 


Ft.  In. 

Sandy  shale  with  chert         -           •            -    23  0 

Sand  and  soft  whitish  sandstone        -           •    52  0 

Darker  sandstone       -           -           -           -      5  0 


Ft.  In. 

200  0 

252  0 

257  0 


It  is  possible  that  some  portion  of  the  underlying  sandy  shales 
may  represent  in  part  the  Lower  Portland  Beds  or  the  passage- 
beds  from  Portland  Beds  to  Kimeridge  Clay.  Indeed,  in  Mr. 
Topley's  account  of  the  first  boring  (p.  346)  a  thickness  of  110 
feet  was  doubtfully  assigned  to  the  Portland  Beds,  and  it  is 
possible  that  a  greater  thickness  might  be  included ;  elsewhere 
250  feet  of  Portland  Beds  has  been  recorded. 

At  a  depth  of  206  feet  the  sandstone  was  streaked  with  shale. 
Serpula  was  found  in  some  of  the  specimens. 

In  the  Dover  boring,  the  record  of  which  is  given  on  p.  342, 
Prof.  Boyd  Dawkins  has  assigned  a  thickness  of  32  feet  to 
Portlandian  Beds  (depth,  505  to  537  feet),  though  the  evidence 
of  a  Rhynchonella  and  an  Exogyra  (species  not  given)  affords  no 
clue  to  the  age  of  the  strata.  The  attenuation  of  clayey 
Kimeridgian  beds  is  remarkable. 

*  JunuMic  Rocks  of  Yorkshire,  vol.  i.  p.  379. 

I  Topley  in  Dixon's  Geol.  Sassex,  Ed.  2,  p.  154 ;  see  also  pp.  zxiii.  and  6. 
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CHAPTER  XIII. 

PuRBECK  Beds. 

(purbeckian.) 

General  Account  of  the  Strata. 

These   strata   take   their   name    from   the   so-called    Isle    of 
Purbeck,  in  Dorsetshire,  where  they  are  well  exposed  in  the  cliff- 
sections  of  Durlston  and  Worbarrow  Bays,  and  where  inland  the 
beds  of  Purbeck  Marble  and  Swanage  Stone  have  been  worked 
for  long  ages. 

As  a  stratigraphical  term,  the  name  Purbeck  Beds  was 
employed  in  1811-12  by  Thomas  Webster,  and  the  term  Purbeck 
Stone  was  used  by  Williara  Smith  in  1812. 

The  Purbeck  Beds  comprise  a  series  of  clays  and  shales  with 
"  Beef,"  marls,  marly,  tufaceous,  and  shelly  limestones,  and  occa- 
sionally of  granular  oolitic  beds,  and  sandy  strata.  In  thickness 
the  series  varies  from  about  80  or  90  feet  in  Wiltshire  to  nearly 
400  feet  in  Dorsetshire. 

The  term  "  Beef"  applied  by  workmen  to  the  seams  of  fibrous 
carbonate  of  lime,  was  so  given  from  **  the  resemblance  of  its 
small  and  parallel  fibres  to  the  fibres  of  animal  muscle."*  It  often 
presents  cone-like  structures,  similar  to  that   known  as  "  cone-in- 

cone."t 

Pseudomorphous  crystals  of  rock-salt  were  noticed  by  H.  W. 
Bristow  in  the  Lower  Purbeck  Beds  of  Durlston  Bay  and 
Lulworth  Cove  ;  and  similar  pseudomorpbs  have  been  observed 
in  the  Vale  of  Wardour.J  Gypsum  also  occurs,  and  here  and 
there  we  find  nodules  of  Chert. 

It  is  remarkable  that  in  general  lithological  characters  we  find 
much  similarity  between  the  Khsetic  Beds  and  the  Purbeck  Beds, 
and  a  glance  at  the  cliffs  in  Durlston  Bay  calls  to  mind  the 
Rhaetic  Beds  and  Lower  Lias  of  Watchet,  Blue  Anchor,  and 
Penarth.  The  grey  marls  with  gypsum,  the  black  shales  with 
"beef,"  a  band  with  rude  arborescent  markings  (recalling  the 
Cotham  Marble),  and  occasional  beds  like  White  Lias,  are  all  to 
be  found  in  the  Purbeck  strata  of  Dorsetshire  ;  and  some  of  the 
beds  in  Dorsetshire  and  Wiltshire,  termed  "  Lias  "  by  the  quarry- 
men,  closely  resemble  the  argillaceous  limestones  that  form  the 
basement-beds  of  the  Lower  Lias. 

The  band  with  the  rude  arborescent  markings  occurs  in  the 
"  Soft  Cockle  Beds  "  of  Bristow's  6ection,§  and  about  the  horizon 
marked  by  him  as  a  *'  Hard  brecciated  Limestone,"  above  the 

♦  Buckland  and  De  la  Bcche,  Trans.  Geol.  Soc,  ser.  2,  vol.  iv.  p.  11. 
t  See  Memoir  on  the  Lias  of  England  and  Wales,  p.  308. 
X  Andrews  and  Jukes-Browne,  Quart.  Joum.  Geol.  Soc.»  vol.  1.  p.  52. 
I  Vertical  Sections,  Geol.  Survey,  sheet  22,  No.  1. 
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"  Soft  blue  shaly  Maris  "  that  contain  the  main  maeses  of  gypsum. 
My  aitention  was  first  nttracted  hy  small  alabj  od  the  beach,  for 
these  showed  the  mamiuillated  surface  shown  in  Fig.  103,  that  is 
so  characteristic  of  the  Gotham  or  Lasdscftpe  Uarhje.  On 
breaking  the  stone,  it  presented  the  appeamnce  shown  in  Fig. 
102.  This  ihin  bed  of  atone  occurs  in  impertistent  layers,  in  the 
first  exposure  of  the  Lower  Purbeck  marls  north  of  Durtston 
Head,  and  the  feature*  it  presents  are  of  interest  when  studied  in 
connexion  with  the  Landscape  Marble  of  Cothiun.  They  may 
serve  to  throw  light  on  the  formation  of  more  or  lees  nodular 
masses  of  stone.  In  the  case  of  the  Landscape  Marble,  I  have 
been  led  to  suggest  that  the  arborescent  markings  were  produced 
by  the  disarrangement  of  dark  and  pale  bands  of  calcareous  mud, 
during  the  solidification  of  the  stone,  and  that  the  mammilUted 
surface  was  nicked  up  in  the  oonrse  of  the  process,  when  individual 
portions  of  the  calcareous  mud  shrunk  into  isolated  nodular 
masses.* 

Somewhat  analogous  features  were  produced  in  the  Purfaeck 
Limestone  known  as  the  Cutlet,  found  near  Battle,  an  example 
of  which  is  shown  in  Fig.  104,  p.  232. 

The  irregular  nodular  masses  of  ar^lloceous  limestone  found 
in  the  Lower  Lias  are  well  known,  but  the  rock  being  bome- 
geneous,  no  particular  structure  ia  shown  in  the  mass.  Where, 
however,   the   original   sediments   were   banded  with   layers   of 

Fig.  102. 


LimMfoiM,  Lower  Pnrbeek  Bedt,  DurltUm  Stad. 


*  Geol.  Mu.,  1893,  p. 
80,  Ukd  B.TIiDiiif  — 


ipaon,  Qoui.  Joan.  QeoL  Soo.,  yoI.  1.  pp.  S 
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different  tints,  and  aflerwards  solidified,  then,  in  some  cases,  we 
find  a  simple  banded  limestone,  and,  in  other  cases,  where  the 
sediment  was  concreted  in  isolated  masses,  we  find  the  mammil- 
lated  surfaces  and  the  irregular  markings  that  in  some  instances 
as.-'ume  an  arborescent  character.  Even  in  the  Gotham  Stone, 
man}*  obscure  forms  of  arborescent  marking  may  be  found,  but, 
as  a  rulp,  only  the  ornamental  vai'ieties  are  polished,  and  these 
only  come  under  general  notice. 

Curious  trifid,  vermiform,  and  fucoidal  markings  occur  on  some 
of  the  bed^,  especially  in  Durlston  Bay  ;*  and  large  ripple-marked 
slabs,  of  which  an  example  is  preserved  in  the  Museum  of  Prac- 
tical Geology,  occur  in  the  Middle  Purbeck  Beds  of  the  same 
locality.  Ripple-marks  have  also  been  noticed  in  the  Upper 
Purbeck  Cypris  Shales,  of  Mupe  (Mewps)  Bay,  and  I  have 
noticed  similiur  markings  in  the  rocks  of  the  Vale  of  Wardour. 

Granular  beds,  having  an  oolitic  appearance,  occur  in  the 
Lower  Purbeck  Beds  at  Bingstead,  Portisham,  and  in  the  Vale 
of  Wardour.  Mr.  Teall  remarks  that  the  Bingstead  rock  com- 
prises mud-pellets,  vrith  or  without  thin  coatings  of  radial  (oolitic) 
carbonate  of  lime.  Where  two  or  more  mud-pellets  are  in 
contact,  there  is  no  distinct  line  of  demarcation,  and  there  is  no 
matrix. 

Prof.  Bupert  Jones,  who  previously  examined  another  specimen 
which  I  collected  at  Bingstead,  found  it  to  consist  "  of  a  mass  of 
small  roundish  granules  and  Cy prides  {Cypris  purbeckensis)  coated 
more  or  less  with  calc-sinter,  including  also  small  tubes 
{SerpulcB  f).  This  is  comparable  with  a  similar  Purbccktan  bed 
near  Boulogne."t  The  disintegrated  ** Portland  Stone"  from 
Fonthill  Giffard,  described  by  J.  A.  Phillips,  bears  some  resem- 
blance to  the  granular  Purbeck  beds,  but  is  much  finer  in  grain. 
About  a  quarter  in  bulk  of  that  material  was  found  to  consist  of 
rounded  quart^ose  sand,  and  this  was  associated  with,  but  not 
enclosed  by  ovoid  grains  of  caldte.]: 

Microscopic  Structure  of  Purbeck  Bocks. 

Agranular  limestone  from  Portisham,  examined  by  Mr.  Teall,  was 
"Mainly  composed  of  pellets  which  may  contain  tnioes  of  Oirvanella, 
These  pellets  are  often  surrounded  by  a  thin  zone  of  oolitic  character 
(conoentrio  and  radiate).    The  interspaces  are  mostiy  empty." 

A  granular  limestone  fVom  the  Lower  Purbeck  Beds,  east  of  Lolworth 
Cove,  examined  hy  Mr.  Teall,  showed  *'  Mud  pellets  often  taking  the  form 
of  nce«ffrains.  Sometimes  where  two  or  more  are  in  contact  they  appear 
to  blend.  At  other  times  one  appears  as  if  pressed  into  the  other.  The 
matrix  is  ^e-gndned,  dear  crystalline  calcite." 

A  brown  shell-limestone  from  the  "  Hard  Cockle  Beds  "  of  the  Lower 
Purbeck  Beds  at  Mnpe  Bay,  showed  "Sand-grains,  organic  fragments, 
oolitic  grains,  and  more  or  less  rounded  pellets  (showing  Qiroandla- 
structure  P)  in  a  fine-grained  crystalline  matrix.    Some  of  uie  fragments 

*  T.  K.  Jones,  Quart.  Joum.  Greol.  Soc.,  vol.  xlL  p.  523. 

t  Quart.  Joum.  Geol.  Soc.,  vol.  xli.  p.  SS6.  See  alio  Froc  Geol.  Asfoc.,  vol.  viiL 
p.  58 ;  and  Bull,  Soc.  G^l.  cSrance,  ser.  8,  vol.  viii.  p.  616. 

X  Quart.  Joum.  Geol.  Soc.,  vol.  xxx^-ii.  p.  16.  A  sample  of  this  material  is 
preserved  in  the  Museum  of  Practical  Geology. 
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have  a  narrow  coating  of  oolitic  material,  showing  concentric  and  radiate 
stmcture." 

An  earthy  limestone  from  Teffont  Evias,  showed  "slender  organic 
remains  in  a  fine-grained  granular  calcareous  matrix."* 

The  calcareous  sandstone  from  near  Battle  showed  "quartz  grains 
cemented  by  calcareous  "matter.'* 

CherU 

Nodules  of  chert  occur  in  the  Lower  and  Middle  Purbeck 
Beds  of  the  Isle  of  Purbeck,  Portisham,  the  Vale  of  Wardour, 
Sussex,  &c.  Specimens  from  Fortisham  and  near  Battle, 
examined  by  Mr.  Teall,  showed  chalcedonic  silica ;  the  rock  from 
Sussex  contained  stems  of  Chara  and  an  agate-like  struotore 
around  cavities.  A  specimen  of  chert  or  flint  from  the  lower  part 
of  the  Purbeck  Beds  in  Chilmark  quarry,  in  the  Vale  of  Wardour, 
was  examined  by  Mr.  W.  H.  Hudleston,  who  observed  that  it 
showed  portions  of  marly  limestone  partially  silicified,  sealed 
together  with  purer  chalcedony.  The  rock  contained  oolitic 
granules,  a  fragment  of  shell,  and  valves  of  Cypris :  some  of 
the  oolitic  granules  of  characteristic  type  were  immersed  in  more 
or  less  pure  chalcedony.  Hence  the  flint  resulted  from  the  silidfi- 
cation  of  calcareous  matter.  Another  specimen  of  oolitic  chert 
from  Chilmark  examined  by  Mr.  Teall,  showed  the  oolitic  grains 
to  be  partially  silicified,  the  inner  portions  of  the  grains  being 
calcareous,  t 

Spicules  of  a  sponge  named  Spongilla  purbechensis  by  Mr.  J.  T. 
Young,  were  obtained  from  the  Purbeck  chert  at  Stair  Cove  .J 
In  re^rence  to  these  Dr.  Hinde  remarks  that  *'  The  spicules  are 
exceedingly  numerous,  so  as  to  constitute  the  main  portion  of  the 
chert  in  which  they  occur."  §  It  is  interesting  to  know  that  in  a 
MS  note  by  Edward  Forbes,  he  mentions  the  occurrence  of 
Spongilla  ?  from  the  Purbeck  Beds  of  Dorsetshire. 

Relations  oj  the  Purbeck  Beds  with  Strata  above  and  below. — 

Method  of  Formation. 

The  Purbeck  Beds  in  most  places  rest  conformably  on  the 
Portland  Beds,  and  are  overlaid  conformably  by  the  Wealden 
Strata. 

The  junction  with  the  Wealden  Beds  shows  a  much  more 
gradual  passage  than  that  between  the  Purbeck  and  Portland 
Beds,  and  yet  on  the  whole,  as  remarked  by  Sedgwick,  the  general 
lithological  characters  of  the  Purbeck  Beds  seem  to  unite  them 
more  closely  with  the  stonv  Portland  Beds.  || 

Many  authorities  following  Webster  and  Fitton,  amongst  whom 
Godwin-Austen,  Oppel,  and  Bamsay,  grouped  the  Purbeck  Beds 
with  the  Wealden,  for  palsentologically  by  reason  of  their  fresh- 

♦.  See  also  Sorby,  Quart.  Joarn.  G^eol.  Soc.,  vol.  zxzv.  (Proc.),  p.  19, 

t  Froc.  Geol.  Assoc.,  vol.  vii.  p.  181,  and  Plate  I.,  Fig.  1. 

t  Geol.  Mag.,  1878,  p.  220. 

§  British  Jurassic  Sponges,  Pal.  Boc.,  p.  2 It. 

II  Ann.  Phil.y  voL  zzvii.  p.  344. 


PUBBEGK   BEDS.  235 

water    fauna    they    are    more   intimately   connected   with    that 
formation.* 

That  some  beds  like  the  Furbeck  Marble  were  of  freshwater 
origin  was  pointed  out  long  ago  by  John  Woodward,  and  in  1812 
by  Webster,  who  later  on  observed  that,  the  beds  contain  a 
mixture  of  freshwater  with  marine  shells. 

Edward  Forbes  who  made  a  study  of  the  Furbeck  Beds  in  1849 
and  1850  in  company  with  Bristow,  did  not  recognize  any  passage 
from  the  Fortland  into  the  Furbeck  Beds  in  the  Isle  of  Furbeck, 
and  observed  that  the  top  beds  of  the  Portland  series  were 
marine,  the  lowermost  Furbeck  Beds  purely  freshwater.  At  the 
same  time  he  concluded  that  the  Furbeck  Beds  were  connected 
with  the  Oolitic  group  rather  than  with  the  Cretaceous,  and  he 
was  evidently  influenced  by  his  discovery  of  the  Echinoderm 
Hemicidaris  purbeckensis,  which  he  found  in  a  layer  above  the 
Cinder  Bed  (with  Ostrea  distaria),'\  The  same  view  is  taken  by 
De  Loriol,  and  also  by  Coquand,  Contejean,  and  others  ;  while 
the  more  recent  researches  of  Favlow  and  others,  on  the  marine 
equivalents  of  the  Furbeck  Beds,  tend  to  show  that  their  affinities 
are  rather  with  the  Jurassic  than  with  the  Cretaceous  system. 

On  the  whole  it  may  be  said  that  the  marine  fossils  ally  the 
Furbeck  Beds  with  the  Fortland  strata,  and  the  freshwater  fossils 
link  them  with  the  Wealden  Beds.  The  vertebrate  as  well  as  the 
invertebrate  remains  have  Jurassic  as  well  as  Wealden  affinities.:^ 
The  fish-fauna  as  remarked  by  Mr.  Smith  Woodward  shows  a 
close  connection  with  the  Upper  Jurassic  lithographic  stones  of 
France,  Bavaria,  and  Wurtemburg.§ 

Hemicidaris  purbeckensis  occurs  in  the  zone  o{ Ammonites  gigat^ 
Lower  Fortlandian,  of  Boulogne-sur-Mer, 

The  Furbeck  Beds  mark  changing  conditions ;  freshwater 
limestones,  botryoidal  and  tufaceous  in  character,  like  beds  of 
travertine,  are  succeeded  in  places  by  evidences  of  land  vegetation 
in  the  now  silicified  remains  of  Cycaas  and  Conifers.  The  Lower 
Furbeck  Beds  indicate  freshwater  and  terrestrial  conditions, 
which  may  have  been  marked  by  a  lake  or  series  of  lagoons,  for 
they  were  attended  locally  by  the  deposition  of  gypsum.  Sub- 
sequently an  irruption  of  the  sea  in  Middle  Furbeck  times  allowed 
the  incursion  of  marine  forms  like  the  Pecten,  Thracia,  Trigonia, 
Avicula,  and  Hemicidaris.  These  were  succeeded  by  a  gradual 
change  from  brackish  to  freshwater  conditions  in  Upper  Furbeck 
times,  when  the  Unio,  LimntBa,  Phgsa,  Valvata^  Paludina,  and 
Planorbis    flourished.      The    freshwater     Furbeck    Beds    were 


.  *  Fitton,  Trans.  GeoL  Soc,  ler.  2,  vol.  iv.  p.  159.  See  also  Webster,  Ibid,,  yoI.  ii. 
pp.  40,  44,  and  Ann.  Phil.,  vol.  xxy.  p.  47 ;  Mantell«  Geol.  I.  of  Wight,  ed.  8,  1854, 
Table,  p.  42 ;  Maroon,  Geologist,  1859,  p.  1 ;  Dr.  C.  Stmckmann,  Geol.  Mag.,  1881, 
p.  556. 

t  Forbes,  Decade  III.,  Geol.  Survey,  Plate  V. ;  and  Bep.  Brit  Assoc,  for  1850, 
p.  80 ;  P.  de  Loriol  and  A.  Jaccard,  Mem.  See.  Phys.  Hist.  Nat  Geneve,  voL  zviii. 
p.  112. 

1  Lydekker,  Qoart.  Joom.  GeoL  Soc,  vol.  xlvi.  p.  49.  See  also  Judd*  Bcp. 
Bnt.  Assoc,  for  1870,  p.  77. 

{  Proc.  Zool.  Soc.,  1890,  p.  346. 
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succeeded  gradually  by  the  great  accumulations  of  Wealden  strata 
ionned  by  river  agency,  but  whether  distributed  over  the  bottom 
of  a  huge  lake,  or  as  a  delta  deposit,  is  a  somewhat  debatable 
subject. 

Godwin- Austen  remarked  that  *'  the  changes  in  the  Purbeck 
series  are  readily  accounted  for  by  reference  to  areas  of  water 
8uch  as  occur  on  the  American  coast  at  present,  and  which  m»y 
be  salt  or  brackish,  according  to  the  extent  to  which  the  sea- 
waters  are  excluded  by  sand-bars  from  mixing  with  the  fresh 
waters  flowing  from  the  land/'*  Indeed  Forbes  in  his  early 
account  of  the  Purbeck  Beds,  indicates  nine  or  ten  alternations 
of  freshwater,  brackish  water,  and  marine  conditions  in  the 
Purbeck  Beds ;  and  remarks  that  they  are  not  marked  by  any 
striking  physical  characters  or  mineral  change8.t  Brackish- 
water  conditions  were  indicated  by  the  occurrence  of  Corbvla^ 
Cyrena^  Cardium,  Melanopsis,  and  Bissoa,  and  perhaps  by  the 
Ostrea  distorta. 

No  zones  are  recognized  in  our  Purbeck  Strata,  though  judging 
by  the  position  in  the  ?eries,  they  may  be  equivalent  to  beds  on 
the  Continent  with  a  marine  fauna,  and  grouped  in  the  zone  of 
Ammonites  transitorius ;  while  in  Lincolnshire  and  Yorkshire 
they  may  be  in  part  equivalent  to  the  zone  of  Belemnites  lateralis 
of  the  Spilsby  Sandstone  and  Speeton  Beds. 

Organic  Remains. 

The  Purbeck  Beds  have  yielded  an  exceedingly  varied  series 
of  fossils.  Perhaps  of  the  highest  interest  are  the  Mammals, 
which  at  present  have  been  obtained  only  from  the  base  of  the 
Middle  Purbeck  Beds  of  Durlston  Bay — in  a  thin  earthy  or 
*'Dirt"  layer — in  the  very  bed  in  which  Forbes  suggested  they 
might  be  found.f 

We  are  indebted  to  W.  E.  Brodie,  of  Swanage,  and  Charles 
Willcox,  for  the  discovery  of  Spalacotherium  in  1854,  and  two 
years  later  S.  H.  Beckles  obtained  a  number  of  additional  forms, 
including  Plagiaulax,  These  fossils  are  far  from  abundant,  and 
long  and  patient  search  may  be  unrewarded.  In  1880,  after  10 
days'  search,  Mr.  E.  W.  Willett  obtained  one  specimen  of 
Triconodon  mordaz. 

At  least  12  genera  and  22  species  of  Mammals  have  been 
described.  They  are  Marsupials,  Insectivorous  and  herbivorous 
in  habits,  and  are  of  diminutive  size.  The  principal  genera,  such 
as  Spalacotherium,  Triconodon,  and  Plagiaulax,  have  been  de- 
scribed by  Sir  Richard  Owen  and  Dr.  H.  Falconer. 

Until  recently  no  such  remains  had  been  found  in  the  Wealden 
formation,  and  it  is  therefore  interesting  to  note  that  a  specimen 
described  by  Mr.  A.  Smith  Woodward  as  Plagiaulax  Dawsoniy 

♦  Rep.  Brit.  Assoc,  for  1872,  Sections,  pp.  92,  »3.  See  also  Meyer,  Quart.  Journ. 
Geol.  Soc.,  YOi.  xxYiii.  p.  244 ;  and  Ramsay,  Address  to  Geol.  Soc.,  1864  p.  S2 ; 
and  Physical  Geology  and  Geography  of  Great  Britain,  ed.  6,  1894. 

i  Rep.  Brit.  Assoc,  for  1850,  p.  81. 

X  Geikie,  Memoir  of  Edward  Forhes,  1861,  pp.  460,  461. 
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Tie.  106.  Flftgianlax  Becklesi,  Fale.,  2. 
Middle  Pnrbcck,  Siranage. 
„  106.  Triconodon  niordaz,  Owm.' 
Middle  Farbeck,  Hwanage. 
Lower  jair  and  teeth. 
„  107.  Spalaootherinm  trionipidens,  Otmii* 
iUtddle  Parbeolc,  Bvanage. 
a,  h.  Imperfeot  left  remna  of  mandible. 
e,  d.  Lateral  and  npper  Tiewa  of  a  molar  toott. 
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and  another^  described  by  Mr.   Lydekker  as  Bolodon,  have  been 
obtained  from  the  Wadhurst  Clay,  near  Hastings.* 

No  traces  of  Birds  have  as  yet  been  found.  Remains  of  Frogs 
were  recorded  from  the  Purbeck  Beds  of  Swindon,  by  Charles 
Moore,t  but  their  occurrence  is  considered  exceedingly  doubtful 
by  Mr.  E.  T.  Newton. 

Among  the  fossils  from  the  Purbeck  Beds  the  Saurian  remains 
are  important.  The  Dinosaurs  include  Iguanodon  and  Nuthetes  ; 
then  we  have  the  "  Swanage  Crocodile,"  Goniopholis  craaidens, 
and  the  dwarf  Crocodiles  known  as  Nannosuclius  and  Theriosuchus. 
Owen  estimates  the  average  length  of  a  mature  Theriotuchus  at 
eighteen  inches.  Turtles  have  been  obtained  mostly  from  the 
quarrymen,  as  they  occur  in  the  stone-beds  :  they  include  Treto^ 
sternum^  Pleurostemum  concinnunif  P.  Bullocki^  and  Chelone 
obovata,  some  fine  specimens  of  which  are  preserved  in  the 
museum  at  Corfe  Castle.  The  Fishes  include  Asteracanthus 
verrucosus y  Caturus,  Cbccolepis^  Hybodus^  Lepidotus,  Macrosemius, 
Ophiopsis,  and  PleuropholiSy  and  they  are  mostly  found  in  the 
43tone-beds  worked  at  the  quarries.  Specimens  occur  at  various 
horizons  in  the  Purbeck  Bed?,  and  some  of  the  best  preserved 
examples  have  been  obtained  from  the  neighbourhood  of  Teffont 
Evias,  in  the  Vale  of  Wardour. 

It  was  the  intention  of  Edward  Forbes  to  publish  an  account 
of  the  Invertebrata  of  the  Purbeek  Beds  of  Dorsetshire ;  and  he 
had  assigned  names  to  a  number  of  new  species  of  MoUusca, 
which  he  was  the  first  to  discover.it  Some  of  these  have  been 
figured  in  Lowry's  Chart  of  Characteristic  British  Fossils,  and 
others  in  works  published  on  the  Continent.  They  all  belong  to 
living  genera,  and  taken  by  themselves,  possess  a  Tertiary  or 
even  recent  aspect. 

Reference  has  already  been  made  to  the  principal  genera  of 
Mollusca  found  in  the  Purbeck  Beds,  but  it  may  he  mentioned 
that  Mr.  Carruthers  has  described,  under  the  name  Teudopsis 
Brodieiy  a  cuttle-bone  frcHu  these  strata  in  Dorset.  § 

Insects  are  represented  very  fully  by  remains  of  Coleoptera 
Orthoptera,  Diptera,  Neuroptera,  and  Hetniptera.  To  the  various 
remains  very  numerous  names  were  applied  by  Prof.  Westwood,  || 
and  for  our  knowledge  of  these  we  are  chiefly  indebted  to  the 
Rev.  P.  B.  Brodie.  There  were  Butterflies,  Beetles,  Dragon-flies, 
Locusts,  Grasshoppers,  Ants,  and  the  earliest  known  Aphides ; 
forms  that  are  considered  to  indicate  temperate  conditions. 

At  Durlston  the  Insect-remains  occur  most  abundantly  in  the 
Lower  Purbeck  Beds,  elsewhere  they  are  found  in  Middle  Pur- 
beck strata. 

*  Proc.  Zool.  Soc.,  1891,  p.  585 ;  and  Quart  Journ.  Geol.  Soe.,  yoI.  xlix.  p.  281. 

t  Proc.  Cotteswold  Club,  vol.  ii.  p.  192 ;  and  Proc.  Geol.  Assoc.,  vol.  iy.  p.  544. 

X  Some  figures  pi  Purbecl^  fossils  will  be  found  in  the  works  of  Fitton,  Trans. 
Oeol.  Soc,  ser.  2,  toI.  iv.  Plates  XXI.  and  XXII. ;  Manteirs  Geological  Excursions 
round  the  Isle  of  Wight,  ed.  S ;  and  Damon's  fc$upp.  to  the  Geology  of  Weymouth, 
Ac.,  ed.  3,  18SS. 

§  Quart.  Journ.  Geol  Soc.,  toI.  xxtIL  p.  44S. 

{\  Ibid,,  Tol.  X.  p.  191. 
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Fis.  106.  H«lanop>u  hu*p»f<>nnis,  Dumb.    Hat.  >im. 
„  lOd.  FbyM  Briatorii,  Fotim.    Nat.  nze. 
„  110.  Fatndiiik  elongata,  Bow.    Nftt  size. 

„  111. carimTcn,  Sow.    2. 

„  112.  Omrbnia  alate,  J.  Bow.    Nat.  nse. 

„  113. ip.    a. 

„  114.  Crraia  modia,  J.  iSmii.    Nat.  sue. 
„  116.  OBtrea  dietorta,  J.  Bow.    Nat.  aiM. 
„  116.  Unio  ip.    Nat.  sise. 
„  117. raldmurii,  JUoHt    |. 
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PuBBECK  Fossils. 
Fig.  118.  Fig,  119. 
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Fm.'  118.  CTpridea  pouctata,  Fwbet.    V- 

„  11». gr»nnlo«ft,  Sow.    V- 

„   120.  Cyprfs  parbeokeneis,  Fofiti.     *^. 

„   121.  ArchBonisons  Brodiei,  M.  Edw.    l\. 

„  122.  HemiciduiR  pnrbeckensie,  FoiieM. '  i. 

„  123.  Mantellia  rCycftdeoidea)  miorophrBa.  BvM.\, 
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Among  Crustacea^  the  Isopod,  ArchtBonUeus  occurs  in  profusion 
in  the  Middle  Purbeck  Beds  in  the  Vale  of  Wardour.  It  has 
been  founds  however,  in  the  Lower  Purbeck  Beds  of  Wiltshire 
and  Dorset 

In  1850  Edward  Forbes  named  eight  species  of  Ostracoda 
C*  Cyprides  ")  from  the  Purbeck  Beds  of  Dorsetshire,  but  unfor- 
tunately he  never  described  them.*  Figures  of  these  species, 
reduced  from  diagrams  used  by  Forbes  in  his  lectures  at  the 
Royal  School  of  Mines,  were  afterwards  published  by  LyelLf 
It  has  not,  in  every  case,  been  possible  to  identify  the  specimens 
upon  which  the  names  of  these  species  were  based,  while  some 
doubts  have  arisen  concerning  the  particular  horizons  from  which 
they  were  obtained.  These  difficulties  have  been  pointed  out  by 
Prof.  T.  Rupert  Jones,  and  more  recently  he  has  given  a  full 
account  of  the  subject,  with  a  revision  of  the  names  and 
descriptions  of  new  speciea^  These  are  for  the  most  part  fresh- 
water forms,  but  the  genus  Cythere  is  marine,  and  Candona  is 
said  to  be  estuarine. 

Among  the  Ostracods  it  is  found  that  Cypris  purbeckensis^ 
Candona  amata^  and  C,  bononiensis  are  most  abundant  and 
characteristic  in  the  Lower  Purbeck  Beds ;  Cypridea  granulosa 
in  the  Middle  Purbeck  ;  and  (7.  punctata  in  the  Upper  Purbeck. 
Their  particular  range  was  not,  however,  restricted,  and  it  is 
interesting  to  note  that  Prof.  Jones  has  recorded  Cypri$ 
purbeckensu,  and  a  variety  of  Cypridea  tuberculata  from  the 
Upper  Cretaceous  strata  of  Wyoming,  in  North  America.§  (See 
also  p.  280.) 

Here  and  there  at  various  horizons  in  the  Middle  and  Lower 
Purbeck  Beds  a  number  of  "  Dirt  Beds "  occur.  The  name  has 
been  applied  to  layers  of  carbonaceous  clay  or  shale,  but  it 
originated  in  Portland  Island,  where  the  Great  Dirt  Bed  which 
occurs  near  the  base  of  the  Lower  Purbeck  Beds  is  especially 
noted  for  the  silicified  remains  of  Cycads  and  Coniferous  trees 
which  it  has  yielded.  There  great  **  Burrs "  of  siliceous  and 
calcareous  (tufaceous)  material  have  been  accumulated  around  the 
old  tree  stumps,  an  example  of  which  seen  by  the  cliflb .  east  of 
Lulworth  Cove  is  shown  in  Fig.  124,  p,  242,  and  another  at 
Portisham  is  shown  in  Fig.  133^  p.  263. 

A  bed  yielding  similar  more  or  less  silidfied  plant-renutins  has 
been  observed  near  Lulworth  and  eastwards  to  Gad  Cliff;  || 
and  there  are  traces  of  Burrs  to  the  east  of  Dancing  Ledge  as 
observed  by  Mr.  Strahan  and  myself  in  1893. 

Chara  was  found  in  the  cherty  freshwater  band  of  the  Middle 
Purbeck  Beds  by  Edward  Forbe^.lf     (See  p.  244.) 

*  Rep.  Brit.  Assoc,  for  1850,  pp.  79-Sl. 

t  Muiaal  of  Geology,  edit.  8,  p.  281 ;  and  Elements  of  Geology,  edit.  6,  1865. 
X  Geol.  Mag.,  1878,  p.  105  ;  and  Quart.  Jonm.  Geol.  8oc.,  vol.  xU.  p.  811. 
§  Ibid.,  1893,  p.  886. 

II  See  Fitton,  Trans.  Geol.  Soc,  ser.  2,  yoI.  iy.  pp.  S20,  223 ;   see  also  Bucklaod 
and  De  la  Beche,  Ibid,,  p  14. 
%  8aa  alio  £•  Wctherod,  Proo.  Cotteswold  Clnb,  ▼•!.  x.  p.  101. 
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Fig.  124. 

Purbech  "  Burrs,"  seen  on  cliffs  east  of  Lulworth  Cove. 

(From  ft  photograph  by  A.  Strahnn.) 


The  following  ma;  be  included  as  among  the  more  coinmott 
and  characteristic  foesila  of  the  Purbeck  Strata  : — 
Melanopaie  harpsfonniB  (Fig.  108). 
Paludina  carinirera  (Fig.  111). 

elongata(Fii;.  110). 

Physa  Brialovii  (Fig.  109). 

Corbula  alftta  (Fig.  112). 

Cyrena  (Cyclas)  media  (Fig.  114). 

( )  parra. 

Modiola. 

Ostrea  diatorta  (Fig.  115). 

Unio  compreesus. 

TftldensiB  (Fig.  117). 

^  rchsmniBCua  Brodiei  (F^^  121), 
Candona  ansata. 

■  bononienBia. 
Cypridea  granulosa  (Fig.  119). 

punctata  (Fig.  118). 

Oypris  purbeckensia  (Fig.  120). 
Hemicidaria  purbeckensia  (Fig.  122). 
Mant«llia  microphylla  (Fig.  123). 
—  nidiformia. 
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CHAPTER  XIV. 

PuBBECK  Bed?. 

LOCA.L  Details. 

Dortet  Coatt. — ItU  iff  PurbecK 

The  Purbeck  Beds  are  well  exposed  ia  the  cliffy  at  DurUtOD 
Bay,  Worbarrow  Bay,  Mupe  (Mewpe)  Bay,  Lolworth  Cove,  and 
in  the  quarrieB  and  railway-cutting  at  Ridgeway  or  Upway. 
These  sectiooB  have  been  measured  in  great  detail  by  H.  W. 
Brietow,  aeeiated  at  Ridgeway  by  the  Rev.  Osmond  Fisher,  and 
at  Lulworth  by  Mr.  W.  Whitaker.*  The  most  complete  eeotion 
is  that  at  Bacon  Hole,  Mupe  Bay,  where  the  gradual  passage  into 
the  Wealden  Beds  ia  well  shown. 

The  beds  were  locally  sub-divided  by  Edfrard  Forbea  and 
H.  W.  Bristow,  and  the  principal  bede  recognized  in  the  abore- 
mentioned  sections,  may  be  summarized  as  rollows,  the  thicknesB 
being  stated  in  feet  and  inches  : — 
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■  (The  thicknesses  of  the  Purbeck   sub-divisious,  measured   by 
Bristow^  are  as  follows : — 


Purbeck  Beds. 

Durliton. 

Worbarpow. 

Mupe. 

Lulworth. 

Bidgeway. 

Upper  - 
Middle  • 
Lower  .          •          - 

60*7 
166  9 
160*5 

49*3 
89*6 

152*0 

60*5 

67*4 

142*11 

27*6 
55*4 
93*5 

49*1 
02*0 
88*4 

396*9 

290*9 

200*8 

176*8 

189*5 

Thus  there  appears  to  be  a  general  attenuation  of  the  beds 
from  east  to  west. 

The  value  of  the  three  divisions^  except  as  a  matter  of  local 
convenience^  has  been  questioned,  for  with  the  exception  of  the 
Cinder  Bed  there  are  no  marked  lithological  characters  whereby 
they  can  be  traced  from  point  to  point,  and  the  palaeontological 
changes  are  not  of  a  very  distinctive  character,  as  remarked  by 
Morris.* 

Broadly  speaking  the  Upper  Purbeck  Beds  comprise  the  clays 
with  Marble  Bag  and  the  Unio-Bed ;  the  Middle  Purbeck  Beds 
include  the  chief  building-stone  of  Swanage,  the  Cinder  Bed, 
the  band  with  **  flints/'  and  the  Mammal  Bed  of  Durlston  Bay ; 
the  Lower  Purbeck  beds  include  the  marls  with  gypsum  at 
Durlston  Bay,  the  building-stone  of  Upway  and  Bidgeway,  and 
the  cap-beds  and  Great  Dirt  Bed  of  Portland  and  elsewhere. 


Durlston  Bay,  Swajiag^, 

In  the  clifis  and  quarries  along  the  coast  between  St.  Alban's 
(St.  Aldhelm's)  Head  and  Durlston  Head,  the  basement  portions 
of  the  Lower  Purbeck  Beds  may  be  seen.  For  the  most  part  they 
comprise  thin  and  somewhat  irregular  and  undulating  layers  of 
grey  limestones  with  clay  partings,  and  the  beds  are  more  or  less 
botryoidal  in  character  like  the  Portland  Cap-beds  which  they 
represent.  The  higher  portions  of  the  Lower  Purbeck  Beds, 
for  the  most  part  of  a  soft  character,  are  concealed  along  this 
southern  coast  beneath  the  pleasant  grassy  slopes  that  rise  above 
the  cliffs. 

Rounding  Durlston  Head  we  have  a  good  view  of  the  cliffs  that 
extend  northwards  to  Peverel  Point  (See  Fig.  125,  p.  246.)  There 
Durlston  Bay  is  formed  by  the  denudation  of  the  softer  Lower 
Purbeck  Beds,  the  hard  Portland  Stone  at  Durlston  Head,  and 
the  limestones  of  the  Upper  Purbeck  at  Peverel  Point  forming 
headlands  and  reefs.  Smaller  projections  along  the  coast  are  pro- 
duced where  the  stone-beds  of  the  Middle  Purbeck  descend  to 
the  sea*level  and  run  out  in  ledges.  The  destruction  of  cliffs  has 
no  doubt  been  hastened  by  the  quarrying  of  the  stone  and  the 
removal  of  blocks  from  the  beach. 


*  Proc  Geol.  Assoc.,  toI.  riu  p.  3S6. 
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The  cliSi  do  not  present  n  clear  unbroken  eerier,  for  the  atrata, 
Trhile  dipping  gcnemUy  townrds  Swaaage,  are  dislocated  and 
repeated  in  several  place?.  The  Portland  Stone  occurs  at  the 
baae  of  Durlston  Head,  overlaid  by  somewhat  ehattered  Purbeck 
strata  ;  but  the  junction  ia  not  easy  to  determine,  owing  to  the 
tumbled  massca  of  rock,  and  to  the  fact  that  tlie  Portland  stone 
presents  a  rough  acoriaceoua  appearance,  and  is  much  covered  by 
umpets,  periwinkles,  and  barnacles,  A  fault  th^t  may  be  noticed 
on  the  other  side  of  Durlston  Head  is  agnin  intersected  by  the 
cU£Fs,and  the  tract  adjoining  the  headland  in  a.^od  deal  obscured 
by  slip.".     (Sec   Fig.   126.)     Hence  although  n  nearly  complete 

Fig.  12« 
Section  at  Durltton  Head. 


7.  C}'prie  Shalca.  4.  Soft  Cap. 

6.  Limestonea  and  Sbalcs.  3.  Hard  C^p. 

5,  Broken  Bcdt.  S.  Portluid  frantona. 

I.  rortUad  cber^  limettone. 

section  of  the  Purbeck  Bedd  may  be  measured,  it  has  to  be  made 
up  from  different  jxirtiona  of  the  cliffs. 

The  top  bed  of  the  Portland  Stouc  Eecms  to  be  compact  iu 
character,  and  there  are  indications  of  blight,  irregularity  at  the 
junction  with  the  overlying  Purbeck  strata,  (tjee  Fig.  126.) 
The  basement  "  Dirt  paurting"  of  the  Purbeck  beds  is  much 
indurated  in  some  places,  and  has  been  partially  eroded  by  the 
sea.  The  Hard  and  Soft  Caps  above,  of  a  somewhat  fissile  nature, 
are  exposed  just  north  of  Durlston  He.id.  Surmounting  these 
strata  we  find  the  remarkable  divisinn  marked  by  Briatow  as  the 
"  Broken  Banda,"  wiiich  he  describes  as  "  thin  elaty  beds  of 
bituminous  sandy  limestone  much  broken  and  squeezed  together, 
with  a  few  broken  fragments  of  chert."  Strata  of  this  description, 
from  10  to  15  feet  or  more  in  thickness,  occur  about  the  same 
horizon  at  Worbarrow  Bay,  Mupe  Bay,  and  Lulworth  Cove.  So 
dislocated  and  tumbled  are  the  strata  that  they  were  ^milinrly 
termed  the  "Grand  Smoehery"  by  Edward  Forbes."  Below, 
the  beds  are  for  the  most  part  undisturbed,  and  above,  they 
gradually  assume  an  undisturbed  atpecx,,  though  the  overlying 
layers  of  "  Cyjiris  Freestone  "  ant  occasionally  disrupted. 

■  84.1!  Geikie,  Life  of  K.  Forbes,  p.  IGS. 
■     82483.  B 
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Broken  Beds  of  tliU  cbaracter  may  be  clue  to  various  causes 
Simiiiar  appearances  arc  presented  in  many  places  in  the  Isle  of 
Portland  where  Purbeck  Beds  immediately  overlie  fissures  or 
''gullies"  in  the  Portland  Rocks.  There  they  are  simply  in  a 
tumbled  condition,  and  the  effect  is  local.  In  the  sandy  limestones 
or  calcareous  sandstones  belonging  to  the  Northampton  Sand, 
somewhat  simihir  appearances  have  been  locally  produced  by  the 
removal  of  calcareous  matter  by  carbonated  water.  In  this  way 
some  of  the  overlying  strata  have  lost  support  and  become 
**  Broken  Bed.«»,"  and  the  mass  in  places  has  been  partiaUy 
re-cemented  by  carbonate  of  lime. 

On  the  coast  from  Durdle  Door  and  Lulworth  to  Durlston  the 
effect  appears  to  be  fairly  uniform  along  an  extensive  tract ;  and 
the  Broken  Beds  cannot  be  attributed  to  faults  (in  the  ordinary 
sense),  nor  to  springs  washing  material  into  fissures  or  cavities 
of  the  Portland  Rocks  beneath,  although  such  causes,  together 
with  frost,  have  no  doubt  in  places  exerted  some  influence. 
Indeed  on  the  west  side  of  Bacon  Hole,  Mupe  Bay,  and  on  the 
east  side  of  Lulworth  Cove,  the  beds  arc  not  only  contorted, 
but  slightly  faulted,  and  the  same  is  the  case  at  Durlston  Head. 

The  appearances  in  question  being  confined  practically  to  one 
general  horizon,  it  was  suggested  by  the  Rev.  O.  Fi:?her  that  the 
beds,  originally  deposited  on  the  debris  of  the  old  Purbeck  forest, 
subsequently  fell  into  vacuities  caused  by  the  decay  of  the 
vegetable  matter,*  Where,  however,  the  great  dirt -bed  is  so  well 
shown  on  Portland  we  do  not  see  any  "  Broken  Beds  "  that  can 
be  compared  with  those  between  Lulworth  and  Durlston  Head  : 
although  I  noticed  that  the  '*  Bacon  Tier  *'  in  places  at  Kingbarrow 
and  near  St.  George's  Church  becomes  a  broken-bed,  and  so  do 
the  upper  strata.  These  appearances,  however,  are  exceptional, 
and  it  must  be  borne  in  mind  that  Portland  is  on  the  south 
side  of  the  Weymouth  anticline,  where  the  dip  is  comparatively 
gentle.     (See  p.  266.) 

It  seems  to  me  clear  that  the  beds  have  for  the  most  part  been 
broken  up  and  disturbed  since  their  deposition  and  consolidation. 
The  disturbances  are  by  no  means  confined  to  one  exact  horizon, 
for  there  is  a  gradation  from  the  broken  and  shattered  beds  into 
undisturbed  strata  both  above  and  laterally ;  at  any  rate  the 
amount  of  dislocation  varies  at  different  points,  so  that  the 
disturbances  affect  strata  higher  in  some  places  than  in  others. 
This  proves  that  the  main  features  of  the  disturbances  could  not 
have  been  produced  in  Purbeck  times.  (See  Figs.  127,  130,  and 
131,  on  pp.  249,  256,  and  258.) 

Webster  attributed  the  phenomena  to  di$turbance,t  and  when 
it  is  borne  in  mind  that  the  strata  dip  at  angles  of  20"^  to  40"^  in  a 
N.N.W.  direction,  and  repose  on  the  hard  Purbeck  **  Caps  "  and 
underlying  Portland  Stone,  it  seems  to  me  that  much  shattering 

*  Trans.  Cambridge  Phil.  Soc.,  toI.  iz.  p.  566. 

t  Engiefield's  Isle  of  Wight,  pp.  xix.  and  173  ;  see  alio  Sedgwick  and  Mtirchison, 
Trans.  Gcol.  Soc,  ser.  2,  yoI.  y.  p.  655 ;  H.  B.  Woodward,  QcoL  England  and 
Walee,  Rd.  2,  p.  846 ;  and  Strahan,  Quart.  Jonm.  Geol.  Soc.,  toL  lit.,  p.  549. 
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miiBt  liave  bees  caused  during  the  tilting  of  tho  strata.  Indeed 
tlie  Rqv.  W.  B.  Clarke,  in  a  lengthy  account  of  the  great  distur- 
bances in  the  Chalk  and  othei-  rocks  of  tho  Isle  of  Purbeck, 
speaks  of  "the  whole  range  of  strata  from  Tilly  Whim  to 
Ballard  Down  being  drawn  out  like  a  pack  of  cards  "  " — presum- 
ably an  when  higher  layers  are  shifted  sliglitly  over  lower  ones. 


4.  Sbales  BDdbftndBof  limcslone. 

3.  Broken  Beds. 
3.  Caps. 

1.  Portland  Stone.. 
About  SO  fe«t  Bhomi. 

That  some  sliding  of  individual  beds  has  taken  place  is  shown 
by  the  striated  pavements  noliced  by  Bristoiv,  on  the  Upper 
Tombstone  Bed,  above  the  Cinder  Bed,  in  Durlston  Bay.t  I 
thought  at  first  that  these  appearances  were  due  to  shifting  of 
loosened  slabs  of  the  rock  and  that  the  scratching  might  have 
been  produced  by  stones  and  grit ;  but  on  a  subsequent  visit 
with  Mr.  Strahan  we  found  that  the  striie  passed  beneath  the 
superincumbent  limestones,  and  that  they  were  evidently 
slickeneides. 

The  weakness  produced  by  the  shifting  of  the  strata  has 
doubtless  been  subsequently  acted  upon  by  weathering-ageuts, 
for  a  certain  amount  of  dissolution  of  calcareous  matter  has  taken 
place  from  the  sandy  limestones  that  form  the  mass  of  the  strata. 

We  are  therefore  justified  in  concluding  that  the  horizon  now 
known  as  the  "  Broken  Beds,"  formed  one  of  weakness  during  the 
disturbances  to  which  the  beds  have  been  subjected,  and  this  may 
have  been  due  to  some  extent  to  the  character  of  the  strata,  and 
to  the  fact  that  they  were  somewhat  irregiiarly  accumulated  over 
the  terrestrial  surfaces  and  hummocky  "  burrs." 

We  find  no  evidence  of  Broken  Beds  at  Bingetead  Bay,  nor  at 
Ridgeway  Hill  (UpwayJ,  further  west,  although  the  strata  are 
highly  tilted ;  but  here  the  beds  are  changing  in  character :  the 
mass  of  the  Portland  Stone  is  softer  than  in  the  Isle  of  Purbeck, 
the  "Caps"  are  thinner;  and  we  find  above  the  "  Caps,"  beds 
of  fissile  limestone  and  marls.  In  other  places  we  see  Broken 
Beds  prodaced  locally,  as  in  the  Soft  Cockle  Beds  north  of 
Durlston  Head  where  they  are  disturbed  by  faulting  and  permeated 
by  springs ;  and  further  instances  might  be  ^ven. 
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Not  ijDlil  we  pass  the  zii;!zag  path  below  tlie  Befreshment 
House  in  Durleton  Bay,  can  -we  clearly  trace  the  upward 
snccesstOQ  of  the  Purbeck  Beds  from  the  lower,  through  the 
middle,  to  the  tipper  division  of  these  strata. 

A  considerable  Tault  has  thrown  the  Middle  Purbeck  Cinder 
Bed  and  other  strata  againat  the  Lower  Purbeck  Beds  on  the 
north  side  o£  the  zigzag  ;  theae  latter  consist  for  the  most  part  of 
soft  grey  and  yellow  marls,  with  occasional  liard  bands,  and  with 
masses  of  gypsum  or  alabaster.  At  their  base  traces  of  the 
Broken  Beda  were  just  visible,  overlaid  by  the  impure  limestone 
of  the  Cypria  Freestone.  The  soft  grey  Cypiis  ahules  contain 
thin  layers  of  gypsum,  but  larger  masses  of  this  mineral  occur 
higher  up,  in  the  "  Soft  Cockle  Beds."     (See  Fig.  125,  p.  246.) 

Fig.  128. 
Junction  of  Lower  and  Middle  Purbeck  Beds,  DurUton  Bay. 


.} 


I.  Flint-bed  - 

'.  Sfaale  and  marl 

I.  Mail  irith  thin  limestone  on  top 

'.  Black  shale 

).  Shalea  and  mails  - 

I.  Hard  limettoiie 

..  Soft  marls 

I.  Hard  mail  and  limestoiM  - 

:.  Grey  earth/  bed  with  Uammala 

..  Hard  mtvl. 


Undulations  and  slight  dislocations  affect  the  beds  here  and 
tbei'e  aa  we  trace  them  along,  but  two  dark  bands  are  conspicuoua 
among  the  strata,  above  the  soft  grey  and  yellow  marls  of  the 
Lower  Purbeck  Beds,  The  lower  and  rather  lighter  band  is  that 
known  as  the  Dirt  Bed  or  Mammal  Bed,  which  must  not  be  coa- 
fused  with  the  Great  Dirt  Bed  of  Porllnnd,  that  comes  on  a  much 
lower  horizon.  It  may  be  mentioned  that  where  this  Dirt  Bed 
comes  to  the  surface  in  the  cliff  to  the  north  of  the  Refresh- 
ment House,  nn  excavation,  known  as  Beckles'  Cutting,  wai  made 
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many  years  ago  by  S.  H.  Beckles,  in  search  of  the  fossils  for 
which  the  layer  is  noted.  Two  Dirt-beds  were  mentioned  by 
Mr.  H.  Willett,  but  they  belong  to  the  same  horizon,  being  shifted 
by  faults.  This  bed  is  a  dark  grey  and  brown  carbonaceous  shale 
about  1  foot  in  thickneis,  resting  on  an  irregular  and  sometimes 
ruptured  surface  of  the  Lower  Purbeck  marl  beneath.  (See  Fig. 
128.)  In  places,  however,  the  beds  appear  to  merge  one  into 
the  other,  and  the  irregularity  is  seen  to  be  partly  due  to  sh"ght 
faults  or  joggles,  which  die  out  upwards,  and  are  evidently 
produced  by  disturbance,  that  led  to  slight  shitting  of  the  lower 
strata.  A  Dirt-bed  occurs  on  the  same  horizon  at  Worbarrow 
Bay,  but  no  Mammals  have  there  been  discovered. 

In  addition  to  the  Mammals  found  in  this  thin  band,  Keptilian 
remains,  freshwater  shells  and  Cyprides  have  been  obtained.  The 
Reptilian  remains  include  Macellodus  Brodiei,  Theriosuchus 
pusilluSy  Nannosuchus  ffracilidens,  and  Nuthetes  destructor.  The 
Mollusca,  recorded  by  Bristow,  are  Valvata,  Paludina,  Rissoa, 
Physa  Bristovii,  Limn(Ba,  and  Planorbis, 

The  Dirt-bed  marks  the  base  of  the  Middle  Purbeck  strata, 
which  comprise  a  series  of  blue  and  grey  stone-beds,  including 
the  famous  Swanage  Stone  and  the  Cinder  Bed,  overlaid  by  dark 
days. 

The  black  carbonaceous  shale  that  occurs  about  10  feet  above 
the  Mammal  Bed,  forms  a  conspicuous  band  in  the  olifE;  it  is 
not  known  to  have  yielded  any  vertebrate  remains. 

The  next  bed  of  particular  interest  in  ascending  the  series,  is 
the  *'  Flint "  layer,  a  pale  marly  limestone  about  3  feet  thick,  with 
irregular  nodules  of  black  chert.  Freshwater  shells  occur  in 
both  chert  and  limestone.  The  nodules  do  not  stand  out  in  relief 
as  they  are  readily  broken  away  with  the  rock  by  the  action  of 
the  sea.     (See  Fig.  129.) 

Higher  up  we  come  to  the  Lower  Building-stones  (including 
the  Feather  Bed),  which  were  formerly  worked  in  the  cliff. 

Fig.  129. 
Flint'bed,  Middle  Purbeck  Beds,  Durlston  Bay^ 


These  stone-beds  are  surmounted  by  the  Cinder  Bed,  one  of  the 
most  easily  recognized  beds  in  the  Purbeck  Series.  It  forms  a 
iiigged  cliff  of  rock,  and  was  so  named  on  account  of  its  rough 
cindery  appearance.  Sucli  a  well-marked  layer,  as  remarked  by 
Fitton,*  is  very  useful  as  a  guide  to  fix  the  position  of  the  strata 

*  Trans.  Geol.  Soc,  ser.  2,  vol.  iv.  p.  209. 
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where  they  are  disturbed.  It  attains  a  thickaeFs  of  8  or  9  feet, 
and  is  somewhat  thicker  inland ;  it  is  almost  entirely  made  up  of 
the  small  oyster  Ostrea  distorta,  although  it  is  not  easy  to  procure 
any  fine  examples  of  this  shell.  Bristow  records  from  this  bed 
Fish-remains,  Cardium  Gibbsi,  Pemoy  Trigonia,  Serpula,  and 
Hemicidaris  purbeckensis. 

Above  the  Cinder  Bed,  come  the  Upper  Building-stones,  which 
jut  out  at  the  base  of  the  cliffs,  and  form  hard  ledges  on  the 
shore,  where  the  shaly  partings  that  separate  the  beds  of  lime- 
stone are  cleared  away  in  many  places  by  the  sea. 

Turtle  and  Fish-remains  occur  in  these  buildinoj-stones  together 
with  Mollusca  and  Plant-remains  that  suggest  estuarine  con- 
ditions.    False-bedding  is  shown  in  one  of  the  Freestone  Veins. 

Some  of  the  shelly  limestones,  such  as  the  White  Roach  and 
Laning  (Leaning  or  Lane  End)  Bed,  show  cavernous  weathering. 
There  is  evidence  of  a  slight  fault  along  the  face  of  the  cHfE  where 
these  beds  are  exposed,  and  perhaps,  owing  to  this  cause,  and  to 
the  fact  that  sea-water  produces  some  superficial  alterations  in 
the  strata,  it  is  difficult  to  recognize  all  the  individual  beds  of 
limestone  recorded  in  Bristow's  section. 

Near  the  top  of  the  Corbula  Bed^,  there  is  a  prominent  band 
of  Broken-shell  Limestone  with  yellow  sandy  seams,  and  over- 
lying this  is  a  layer  marked  the  Toad's  Eye  Limestone,  that  con- 
tains irregular  seams  of  indurated  marl,  and  has  curious  tridactyl 
and  vermiform  markings  on  its  surface.* 

The  Upper  Building-stones  like  those  at  a  lower  horizon,  have, 
in  places,  been  quarned  in  the  cliflTs,  and  old  excavations  and 
tunnels  remain  to  mark  the  spots.  The  beds  were  exposed  along 
the  cliff-road  leading  from  the  Befreshment  House  to  Durlston 
Head.  The  higher  portions  of  the  Middle  Purbeck  Bed?,  con- 
sist, for  the  most  part,  of  dark  clays  and  paper-shales  with  much 
fibrous  carbonate  of  lime  (chief"  Beef"  Beds),  with  selenite,  and 
occasionally  gypsum,  and  ochreous  matter. 

The  shales  here  and  those  intercalated  with  the  stone  beds 
below,  frequently  show  efflorescences  of  alum,  and  many  of  the 
beds  are  described  as  alum-shales,  by  Bristow.  The  Mollusca 
found  in  the  shales  above  the  stone-beds  are  freshwater  and 
estuarine  forms,  but,  in  many  cases,  we  find  the  shelly  layers  in  a 
very  decayed  and  rotten  condition. 

On  the  whole,  the  Middle  Purbeck  Beds  have  a  bluish-grey 
appearance,  weathering  brown  only  in  places :  the  Upper  Purbeck 
Beds  have  a  generally  brown  appearance  in  these  cliff-sections, 
and  they  occur  on  top  of  the  cliffs  about  half  way  between  the 
Refreshment  House  and  Peverel  Flag-staff,  descending  gradually 
to  the  £ea-level,  and  forming  the  cliffs  to  Peverel  Point.  (See 
Fig.  125,  p.  246.) 

The  base  of  the  Upper  Purbeck  beds  is  here  marked  by  the 
*'Soft  Burr"  or  Upper  Broken-shell  Limestone,  consisting  of 
about  10  feet  of  sandy  limestone,  largely  made  up  of  comminuted 


*  See  T.  B.  Jones,  Quart.  Joorn.  GeoL  Soc.,  vol.  xli.  p.  813. 
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shells,  but  with  the  fragments  dissolved  out  in  many  cases,  so  that 
ihe  rock  is  full  of  tiny  cavities.  Formerly  it  was  much  used  for 
building-purposes.  The  shell-fragments,  according  to  Bristow, 
belong  chiefly  to  Cyrena,  and  he  also  records  Unio^  Paludina^  and 
remains  of  Fishes  and  Turtles. 

Overlying  these  beds  are  the  *'  Unio  Beds,"  bands  of  irregular 
limestone  and  shale,  with  here  and  there  many  examples  of  Unio. 
One  of  the  limestone-bands  is  termed  the  Crocodile  Bed  by 
Bristow,  and  he  records  from  it  Unio,  Paludina^  Fish  and  Turtle- 
remains,  Coprolites,  and  the  Crocodile,  Goniupholis. 

The  highest  beds  exposed  in  the  cliffs  are  grouped  as  the 
Upper  Cypris  Clays  and  Shales,  and  among  these,  we  find  one  or 
two  bands  of  sandy  and  shaly  limestone  with  Unio.  Tlicse  are 
usually  characterized  by  much  greenish  colouring  matter,  and  one 
band  in  particular  constitutes  the  Unio  Bed. 

In  these  upper  beds  we  find  also  three  bands  of  Purbeck- 
Marble,  hard  shelly  limestone  largely  made  up  of  Paludina 
carinifera,  and  therefore  known  also  as  the  Paludina-Maxhle. 
Unio  and  teeth  and  scales  of  Fishes  are  occasionally  met  with  in 
these  beds.  They  are  well  exposed  beneath  the  Peverel  Flag- 
staff, and  they  form  the  ledges  of  Peverel  Point,  that  stretch  far 
into  the  sea,  and  form  a  protection  to  this  part  of  the  coast.  The 
beds,  however,  are  much  disturbed.     (See  Fig.  125,  p.  246.) 

The  marble  is  much  broken  up  by  joints,  and  the  lines  of 
weathering  on  the  surfaces  exhibit  false-bedding.  The  marble 
is  mostly  grey  or  bluish-grey  :  red  and  bluish  marble  occur  in  the 
same  mass.  The  grey  stone  according  to  Mr.  G.  Maw,  contains 
carbonate  of  iron.*  The  colour  of  tlie  red  marble  appears  super- 
ficial, and  due  to  staining  by  iron-oxide  along  the  joints,  the  colour 
penetrating  irregularly  into  the  mass  of  the  stone.  The  green 
colouring-matter  fills  the  cavities  of  the  shells  of  Paludina,  and 
it  has  been  found  by  Mr.  Teall  to  resemble  glauconite  in  many 
respects.  This  green  tint  which  is  so  common  in  the  Unio  Beds, 
occurs  also  occasionally  in  lower  bed:?,  and  the  **  Lias  Rag," 
belonging  to  the  Upper  Building-stones,  contains  argillaceous 
kernels  of  a  green  colour. 

On  the  southern  margin  of  Swanage  Bay,  blue  shelly  and 
crystalline  limestones  are  seen  dipping  northwards  at  an  angle  of 
about  15°.  Beneath  them  and  running  along  the  line  of  the 
High  Street,  Swanage,  the  Purbeck  Marble  was  formerly  traced. 
The  junction  of  Purbeck  and  Wealden  Beds  is,  however,  con- 
cealed by  the  town  and  harbour  of  Swanage,  and  northwards  on 
the  shores  of  Swanage  Bay  we  come  to  the  mass  of  the  Wealden 
Strata,  which  dipping  northward  consist  of  many  alternations  of 
yellow  sands  and  coloured  clays,  with  occasional  bands  of  gi'it 
and  much  lignite,  and  in  the  upper  part  of  shale,  with  Cyprides. 

The  Purbeck  Marble  is  now  occasionally  quarried  at  Easton 
near  Langton  Maltravers,  south-east  of  Woody  Hyde,  south- 
west of  Afflngton  Farm,  and  south-west  of  West  Orchard. 

*  Quart.  Joam.  Geol.  Soc.,  vol.  xziv.  pp.  856,  866,  and  Plate  XIII.  Fig.  S8. 
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The  pit  at  Enston  (open  in  1884)  was  situated  just 
of  the   farm- buildings.      The   section   was  as  folio w.«, 
dipping  E.  35°  N.  at  angle  of  about  25°  :— 


Two  bands  of  marble — the  upper  bed 

2  to  8  ins.  thick :  the  lower  4  to  5  ins. 

The  beds  are  broken  np  and  only 

remnants  occur  in  the  soil. 
^^^S&7     marble,    much     weathered  : 

Paludina  on  joints       -  -  - 

Shales  with   *'i*ace,"  and   thin  flaggy 

limestone         -  .  -  - 

Faludina-marble,      much    broken     by 

joints,  and  occurring  in  interrupted 

masses-  -  .  .  - 

Clays    and     calcareous     shales     with 
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Ft.    Iir, 
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Brown  limestone,  blue  hearted  - 

Paladina-marble 

Shaly  parting     -  -  - 

Palndina-marble,  irregular  bed 

Calcareous    shales    with   '•  race "  and 

thin  limestone  bands  • 
Paludina-marbl  e 
Pa  ludina-marble 
Paludina-marble    (another   bed,    just 

exposed). 

The  Marble  at  this  quarry  is  variable,  and  green,  bluish-grey, 
and  occasionally  red  in  colour — ^where  iron-stained  :  it  generally 
weathers  brown  outside. 

The  clays  are  sometimes  locally  disturbed,  a  feature  produced 
by  the  washing  down  of  material  through  cracks  or  joints  of  the 
underlying  bands  of  limestone.  The  surfaces  of  the  hard  beds 
are  sometimes  covered  with  curious  markings,  due,  perhaps,  to 
shrinkage  and  cracking  of  the  sediment,  and  the  subsequent 
infilling  of  the  cracks. 


W0rbarrow  Bay. 

'  The  Purbeck  Beds  are  well  shown  in  the  cliff  at  the  south- 
eastern sides  of  Worbarrow  (or  Worthbarrow)  Bay,  on  both  sides 
of  the  headland  known  as  Worbarrow  Knob  or  Tout,  and  in  the 
little  cove  to  the  east  of  it.  The  details  of  the  strata  have  been 
recorded  by  Bristow  (Vertical  Sections,  Sheet  22,  No.  2). 

Above  the  somewhat  argillaceous  and  compact  limestones  that 
form  the  upper  part  of  the  Portland  Stone,  we  find  the  Hard  and 
Soft  Caps  of  the  Lower  Purbeck  Beds,  which  appear  closely 
united  with  the  Portland  Stone.  The  Hard  Cap  exhibits  cavernous 
weathering,  and  is  separated  from  the  Soft  Cap  by  an  imper- 
sistent  Dirt  Bed.  Near  the  base  of  the  **  Hard  Cockle  Beds '' 
there  is  a  band  of  irregular  rubbly  limestone,  with  white  cherty 
seams  here  and  there;  and  white  cherty  particles  occur  in  a 
higher  band  of  *'  Hard  slaty  sandy  limestone."  Above  this  is  a 
band  of  '^  Hard  limestone/'  which  forms  a  ledge  in  the  Cove,  it 
exhibits  false-bedding,  and  contains  thin  layers  of  sandy  lime* 
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stone^  and  pale  cherty  seams.  Near  the  base  of  the  *'Soft 
Cockle  Beds,"  the  *'Hard  bituminous  limestone"  exhibits  ripple- 
marks;  higher  up  the  bands  ofbrecciatcd  limestone-conglomerate 
are  well  shown. 

A  *'  Dirt  Bed "  occurs  at  the  base  of  the  Middle  Purbeck 
division,  but  no  Mammals  have  been  found  in  it.  The  hard 
limestones  \^ith  bands  of  black  chert  form  a  series  of  prominent 
beds  above.  The  Cinder  Bed  is  well  shown,  and  the  Scallop 
Beds  stand  out  as  a  band  of  hard  limestone,  beneath  the  signal 
staff  on  the  Knob. 

In  the  Upper  Purbeck  Beds  wo  find  the  Unio  Beds  on  the 
northern  side  of  the  Knob,  forming  a  face  of  rock,  containing 
much  green  matter,  with  Unio^  and  dipping  northwards  at  an 
angle  of  about  40°.  The  Upper  Cypris  Clays  and  Shales  form 
the  soft  beds  under  the  Coast-guard  station.  Near  this  point 
there  is  a  ravine,  which  occurs  at  about  the  junction  of  the 
Purbeck  and  Wealden  Beds,  though  the  strata  are  much 
obscured :  but  on  the  north  side  we  find  the  coloured  clays  and 
sands  of  the  newer  division. 

Mupe  Bay. 

The  most  complete  section  of  the  Purbeck  Beds  is  seen  in  the 
cliffs  and  rocks  of  Mupe  (Mewps)  Bay  and  Bacon  Hole,  between 
Worbarrow  Bay  and  Lulworth  Cove. 

The  Portland  Beds  are  shown  at  the  base  of  the  cliffp,  and  in 
the  islets  known  as  Arish  Rock,  Slip  Rock,  and  Wreckneck 
Rock,  where  the  highly  inclined  strata  are  surmounted  conform- 
ably by  Lower  Purbeck  Beds.  The  strata  may  most  readily  be 
examined  in  Bacon  Hole.  A  cave  has  been  formed  at  the 
junction  of  the  Portland  and  Purbeck  Beds,  by  removal  of  slabs 
of  the  Hard  Cap.  The  lower  Purbeck  beds  here  include 
brecciated  and  banded  layers,  and  the  Har<l  Cap  is  separated 
from  the  Soft  Cap  by  a  Dirt  Bed  containing  pebbles  of  limestone^ 
The  Soft  Cap  is  much  broken  in  places,  and  indeed  merges  up- 
wards into  the  "  Broken  Bands."  These  again  are  overlaid  by 
the  Cypris  Freestone,  also  much  shattered  and  broken  in  places. 
(Sec  Fig.  127,  p.  249.)  The  upper  portions  of  the  Hard  Cockle 
Beds  stand  out  in  prominent  bands,  overlaid  by  the  Soft  Cockle 
Beds,  and  higher  up  the  Cherty  limestone  again  forms  a  hard  band, 
and,  together  with  the  overlying  Cinder  Bed,  runs  out  in  ledges  on 
the  shore.  Higher  up  we  may  trace  the  Chief  Beef  Beds,  the 
Upper  Broken  Shell  Limestone,  and  the  Unio  Beds,  which  also 
form  ledges  running  eastwards  along  the  shore. 

The  junction  with  the  Wealden  Beds  is  shown  in  the  cliff  to 
the  north  of  the  Flag  Staff  and  again  a  little  ftirther  east,  in 
Bacon  Hole:  -  .  . 

The  Paludina-clays  which  form  the  top  of  the  Purbeck  Beds, 
consist  of  purple,  ^reen,  blue,  and  grey  marls  full  of  Paludina, 
The  top  layer  o£  Paludina  Marble  contains  also  Unio,  The 
layer  of  Marble  below  contains  veins  of  beef  in  the  stone^  and 
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beneath  nre  fcmtginoua  layers  with  Unto.  One  bed  of  red  and 
green  Marble,  of  which  I  saw  n  loose  block,  was  1  ft.  10  ins.  in 
thickness. 


Fig.  130. 
Section  of  Clival  Bacon  Hole,  Mupe  Bay. 

1. 


^9 


1.  WcsldenBeds. 

).  Shnlea,  ftc,  with  Purbeck  Marble.  l       UDner 

Broken-Bhell  Limostone.  J    J^'"''*'*- 

).  Corbula  Beds,  &e.\  Slutlei  and  limettooea.         1      '•f-jji„ 
f.  Cinder  Bed.  L    ^^. 

Hard  Hmctone  ;  flmt-bed.  J     ^"'^- 

I.  Uaria,  with  coaspicuoui  band  of  harder  nhite  marl.  I 

I.  Sandf  and  hoDefCDinhed  bands  i  top  of  Hard  Cockle  Beds. 
I.  Cypm  Freestone,  &c.,  the  lower  beds  much  dititMied  [      Lower 
in  place*.  f    Pm-beck. 

I.  Broken  Beds,  mergiug  downwaida  into  Soft  Cap.  | 

!.  Caps  wiih  inlenneiliate  Dirt.bed.  J 

..  Portland  Stone;   with  Ammonitet  gigaaleu*,  Trigonia  gthboia,  Curdiu, 
dissinult,  uDd  Pecten  latntllona. 


The  coloured  clays  are  naturally  like  the  red  and  variegated 
Wealden  Clays  ;  but  unlike  the  mass  of  those  clays,  the  beds  here 
grouped  as  Upper  Furbeck,  contain  Paludina  in  abundance 

The  lowest  beds  of  the  Wealden  series,  dipping  at  about  40^, 
comprise  red  and  grey  sandy  and  laminated  clay,  white  sand  ood 
yellow  carbonaceous  sandstone.  Small  crystals  of  selenite  are 
abundant :  rusty  springs  are  thrown  out,  at  or  near  the  base. 

The  following  sectioH  wua  noted  in  1893,  in  company  with  Mr. 
Strahsn : — 

Ft.   Im. 
Weolden      J"  Wliite  sands,  Ac. 
Beds.  L  Latoinated  olay  and  Bands         -  -60 

fBand  of  claj-ironatoiio  nodnlca   with 

JCypridea  fmnetala,  and  0,  Mmwflaia 
sbS,ls:~'°:    ;    :    :  S  I 

I  GreeniBh  Bhally  limeatono         -  -      0      i 

I  Shales  with  lienite        •  .  -10 

(_Pnrbeok  marble  -  -  -  -      0      9 

The  Ostracoda  were  kindly  identified  by  Prof.  T.  B.  Jonee, 
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Lulworth  Cove. 

In  the  cliffs  west  of  Mupe  Bay  and  a  short  distance  east  of 
Lulworth  Cove  we  find  the  first  clear  traces  of  the  Great  Dirt 
Bed  of  Portland^  and  the  stools  of  trees,  although  evidences  of  it 
as  before  noted  occur  further  east.     (See  p.  241.) 

Here  near  Lulworth,  huge  '*  burrs  "  are  shown  in  the  Dirt  Bed 
where  it  is  exposed  on  the  highly  inclined  surfaces  of  strata 
projecting  from  the  cliffs.  (See  Fig.  124,  p.  242.)  This  Dirt  Bed 
occurs  between  the  Hard  and  Soft  Caps  and  these  ai*e  overlaid  by 
the  Broken  Bands.  Another  Dirt  Bed  occurs  at  the  base  of  the 
Hard  Cap  and  directly  on  the  Portland  Stone.  Here  as  near 
Durlston  Head,  these  lower  Purbeck  Beds,  form  conspicuous 
irregular  and  undulating  bands  of  rock  above  the  Portland  Stone, 
and  in  places  the  beds  split  up  so  as  to  form  three  bands  of  Cap 
limestone. 

The  Purbeck  Beds  are  exhibited  on  both  sides  of  Lulworth 
Cove.  On  the  east  the  "  Broken  Beds  "  exhibit  ruptures  that  do 
not  affect  the  overlying  strata.  Marked  ledges  are  formed  by  the 
"  Hard  Cockle  Beds,"  and  one  of  the  upper  layers,  a  "  Hard  pale 
grey  Limestone  "  is  somewhat  cherty,  and  weathers  in  a  cavernous 
form.  The  Cinder  Bed  forms  ledges,  and  the  lower  portion  of 
it  contains  Fish-remains.  Here  as  in  Stair  Cove  the  lower  portion 
contains  few  specimens  of  Ostrea  distorta.  The  Scallop  Bed, 
hard-shell  limestones  with  bivalves  and  broken  shells,  and  the 
Chief  Beef  Beds,  are  well  shown  in  ledges. 

Towards  the  northern  end  of  the  section  of  Purbeck  Beds,  the 
higher  strata  are  much  folded,  as  well  as  slightly  displaced  by 
slips,  and  a  false  appearance  of  unconformity  is  presented. 

Where  the  Cinder  Bed  descends  to  the  shore  the  mass  of  it 
and  other  beds  are  slightly  inverted,  and  there  is  evidence  of 
disturbance  by  a  fault  having  a  very  low  hade,  a  "thrust-plane" 
in  fact  which  causes  a  slight  repetition  of  the  Cinder  Bed. 

Lulworth  Cove  has  been  formed  by  the  erosion  of  the  soft 
Wealden  Beds,  after  the  sea  had  broken  through  the  barrier  of 
Portland  Rocks. 

At  Stair  Hole  or  Cove  there  are  two  or  three  caves  or  tunnels 
through  the  Portland  Rocks,  the  sea  perhaps  having  enlarged 
fissures  in  these  rocks.  Overlying  and  overhanging  masses  of 
Purbeck  Caps  and  Broken  Beds  occur  in  places  on  the  eastern 
side  of  the  barrier  that  contains  these  caves. 

As  the  Upper  Purbeck  beds  are  denuded,  so  the  sea  may  in 
process  of  time  come  upon  the  soft  Wealden  Beds  and  then 
uniting  with  Lulworth  Cove,  a  bay  like  that  of  Mupe  and 
Worbarrow  will  be  formed,  with  islets  of  Portland  rocks  capped 
by  Lower  Purbeck  Beds. 

The  well-known  section  at  Stair  Hole  shows  how  much  the 
strata  are  disturbed.  Here  the  beds  are  much  broken  and  cemented 
by  veins  of  calc-spar.  The  shales  squeezed  up  in  the  central 
part  of  the  Cove  open  out  towards  their  outcrop  at  the  edge  of 
the  cliff,  and  are  in  some  instances  slightly  inverted.  TIAl  is  also 
seen  to  be  the  case  on  the  western  side  of  Lulworth  Cove. 


i  uppek  oolitic  rocks  of  england : 

Fig.  131. 

Diagram-section  of  part  of  Stair  Hule,  Lulworth,  Dorset. 


-^l\ 


13.  Corbnla  and  Betf  Beds.') 
12.  Scnllop  Beds.  | 

II.  iDtermarine  Beds.  > 

10.  Cinder  Bed.  | 

9.  Chert;  Freshwater  Beds.  J 


8.  Marty  Fieshwaler  Beds. 

7.  Soft  Cockle  Beds. 
6.  Hard  Cackle  Bedr. 

4.  Brokeii  Bede. 

8.  Soft  Cap. 

9.  Hard  Cap. 
1.  Portlaod  StODc. 

There  are  many  slight  disturbances  and  faulte,  on  the  nest  end  of 
Jjulworth  ridge,  and  by  Durdic  Door  or  Bam  Door.  Here  minor 
repetitions  of  beds  are  caused  by  what  may  be  called  etep-faults, 
that  traverse  the  beds  in  a  very  oblique  direction,  and  sometimes 
almost  at  right  angles  to  the  highly  inclined  strata ;  so  that  at 
first  1  was  disposed  to  think  that  faulting;  had  taken  place  prior  to 
the  great  tilling  of  the  beds. 

On  the  east  side  o£  the  Dunlle  promontory  the  Puibeck  Beds 
appear  to  be  faulted  against  the  Wealden  Strata,  and  in  no  case 
west  of  Mupe  Bay  can  we  see  the  junction  of  these  beds.  As 
Forbes  remarked  in  1849  "some  of  the  sections  are  imperfecr, 
the  top-beds  being  squeezed  out  in  a  line  of  fault."*  The 
character  of  these  disturbances  has  been  investigated  in  detul  by 
Mr.  Strahan,  and  they  nill  be  illustrated  in  a  Memoir  that  deals 
more  particularly  with  the  Isle  of  Purbeck. 


Ringttead  Bay,  Uptcay,  and  Portisham, 

The  Lower  Purbeck  Beds  are  exposed  on  the  eastern  side  of 
RingBtead  Bay  and  lo  the  west  of  the  hijjh  Chalk  cliffs  of  White 
Nore.  The  Cretaceous  Beds  as  pointed  out  by  the  Kev.  O,  Fisher 
rest  unconformably  on  the  inclined  Purbeck  and  Portland  Beds,  and 
Mr.  A.  Strahan  informs  me  that  there  is  no  fault  along  the  line 
of  junction  of  the  Cretaceous  and  Oolitic  Strata  as  marked  on  the 
Geological  Survey  Map:  it  id  simply  a  case  of  the  unconformable 
oyerlap  (or  overstep)  of  the  Cretaceous  on  to  the  Purbeck  and 
Portland  Strata,  and  on  to  the  Kimeridge  Clay. 

*  Geikie,  Memoir  of  E.  Forbea,  p.  469. 
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The  section  of  Purbeck  Be.h,  which  dip  N.  5°  E  at  an  angle 
of  about  37°,  was  as  follows  : — 


Lower 


\ 


f  Creamy  limestones  and  shales. 
Hard  marls,  sandy  and  granular  oolitic 
beds,  with  one  or  two  chert  bands : 
Cypri8  purheekeneU, 
Fissile  limestones  (Purbeck  "  slates  ") 

5    Oto 
Hard  creamy  marl         ... 


Ft.  In. 


Thin  irregular  dirt  layer 


6 

0 

1 

2 

0 

1 

2 

6 

0 

I 

1 

0 

Purbeck      -^  Hard  irregular  bituminous  limestone   • 
Beds.  Dirt    bed,   with    irregular    calcareous 

seams  -  -  -  -  - 

Irregular  decomposed  sandy  limestone 
Laminated  clay  and    dirt    with  fish- 
remains  -  -  -  -      0      2 
Pale  compact  bituminous  and  cherty 
limestone    with    casts    of    Cyrena ; 
sandy  at  top    -            -            -  -      1      3 

Portland  Stone  {^-f^J^.Yoolft;*.^""''"*'^''^^'"" 

Mr.  Fisher  has  observed  that  the  junction  of  the  Purbeck  and 
Portland  Beds  is  *' often  so  intimate,  that  the  same  block  of  stone, 
as  it  comes  out  of  the  quarry,  contains  the  marine  fossils  of  the 
Portland  series  in  its  mass,  and  about  4  inches  of  freshwater  lime- 
stone on  its  upper  face  full  of  CypricJes  and  Cyclas  {Cyrena);'^* 
a  fact  that  coincides  with  what  has  been  observed  in  the  VaJe  of 
Wardour  (p.  269). 

At  Ridgeway  Hill,  north  of  Upway,  the  beds  have  been  opened 
up  in  several  quarries,  and  also  in  the  cuttings  of  the  Great 
Western  Railway  on  the  south  side  of  the  Bincombe  Down  or 
Ridgeway  tunnel.  The  railway-cuttings  were  described  by  Mr 
C.  H.  Weston  and  Captain  L.  L.  B.  Ibuetson,!  who  gave  detailed 
measurements  of  the  strata,  but  included  with  the  Wealden 
division  some  beds  that  were  subsequently  grouped  with  the 
Purbeck  Beds  by  Messrs.  Bristowand  Fisher,  while  they  included 
with  the  Portland  Beds  strata  shown  by  Forbes  to  be  Purbeck.J 
(See  Fig.  132,  p.  260.) 

The  lowest  beds  are  seen  above  the  Portland  Stone  in  the 
quarries  east  of  Upway,  and  they  have  been  previously  noted 
(p.  196). 

The  building-stones  which  belong  to  the  Lower  Purbeck  Beds 
are  opened  up  in  quames  on  the  east  side  of  the  old  high  road, 
north  of  Upway.  There  the  "  Cypris  Freestones  "  are  worked, 
and  they  yield  Cypris  purbeckensis.  Fish-remains  occur  also  in  the 
**  Top  **  or  "  Little  Rock."  The  best  building-stone  is  obtained 
from  the  *'  Hard  Rock,"  a  shell-limestone  composed  largely  of 
bivalves.  The  Soft  Cockle  Beds  are  also  quarried,  and  a  ''  Hard 
marly  Rock,"    known  as   the   *'  List  Bed  '*    is  used  for   "  Blue 

*  Trans.  Cambridge  Phil.  Soc,  vol.  ix.  p.  555, 
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Lias  lioce  ;  "  higher  beds  of  marly  and  granular  oolitic  limestone^ 
are  used  Tor  inside  work  in  building,  and  also  for  lime-burning. 

The  Middle  Purbeck  Beds  have  been  exposed  in  the  railway- 
cutting  south  of  the  short  tunnel. 

The  Cherty  Freshwater  Beds,  which  include  a  band  of  irregular 
gritty  limestone,  have  yielded  Saurian  bones,  many  Mollusca, 
Cyprides,  and  seed-vessels  of  Chara,  The  Cinder  Bed  and 
overlying  strata  may  be  traced  as  we  proceed  northwards.  The 
Upper  Purbeck  Beds  an.!  the  junction  with  the  Wealden  strata 
are  for  the  most  part  obscured.  Layers  with  U?iio,  Paludina,  &c., 
have  been  observed,  including  a  representative  of  the  Purbeck 
Marble. 

It  seems  probable  that  the  Purbeck  and  Wealden  strata  were 
faulted  against  the  Oxford  Clay  and  denuded  prior  to  the  Upper 
Cretaceous  overlap.     (See  p.  20.) 

The  Purbeck  Beds  at  Portisham  occupy  a  somewhat  undulating 
trough,  faulted  on  the  north  against  the  Chalk.  Some  of  the 
granular  oolitic  beds  have  been  extensively  quarried  for  building- 
stone. 

The  following  Lower  Purbeck  Beds  were  exposed  in  a  quarry 
the  hill  west  of    the   Farm-buildings,  and    at  the   Lime- 


on 


works : — * 

Brown  soil  with  water-worn  layer  of 
limestone         .... 
Soft  Cockle    /  Laminated  clays,  marls,  and  yellowish 


Ft.   In. 


Beds. 


Hard  Cockle 
Beds. 


< 


Lower  Lssect 
Beds. 


OypriB 
Freestones. 


\     sands,  with  hard  bands 

Pale  earthv  limestone,  with  Cyprides  - 

Laminated  marl  ... 

Compact  banded  and  somewhat 
crystalline  limestone  -  -  - 

Shelly  beds  (not  well  shown)    - 

Hard       pale       shell-limestone,      with 

Corhula:  like  the  "Hard  Rock"  of 

Upway  -  -  2    Oto 

I  Sands  with  streaks  of  clay 

<  Pale    compact    limestone,    marls    and 

I     clays    .  -  .  -  - 

^  White  banded  marly  limestone  - 

Soft  shales  and  pale  limestone  - 

Granular  limestones,  passing  down  into 
Tariable  limestones  that  for  the  most 
part  split  np  into  thin  iiles;  with 
Cypriaei         .... 

Earthy  and  grannlar  limestones,  waTy- 
bedded;  occasional  slabs  3  ft.  and 
more  sqnare,  obtained,  and  used  for 
tombstones      .... 

Fissile  sandy  marlstone,  passing  up  into 
grannlar  oolitic  limestone,  like  bed 
at  Bingstead  Bay 

Tough  grey  banaed  limestone,  with 
irregmar  bedding  and  sparry  joints, 
as  if  disturbed  and  re-cemented — 
the  top  portion  granular  and  oolitic. 
CayemouB  weathering  shown  along 
lines  of  bedding  •  4    0  to 


5 

0 
0 

1 

2 


4 
1 

2 
2 
4 


0 
3 
2 

1 
3 


0 
9 

3 
3 
0 


8 


4      2 


6 


*  The  sabdiTisionf  are  noted  in  aeeordance  with  the  grouping  of  the  strata  at 
Bi4f  eway,  by  H.  W.  Bristow  and  the  Ber.  O.  Fiihor. 


strata 
equivalent  to 
the  "  Broken 

Beds"  of  other 
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["Rubbly  marl  and  clay  with  irregular 
band  of  tough  grey  limestone  and 
decomposed  chert       -  1    0  to 

Irregular  earthy  and  granular  lime- 
Soft  white  marly  limeBtone 
Irregnlar  sandy  marls  and  dark  shales, 

Soft  chalky  limeBtonea  -  .  - 

Il^ril  and  soft  limestoneB  and  luarla, 

in-ogukr     and    fiisile    beds,    with 

ilaj'ey  seams  near  top,     Fiah-scalea  - 


T      1-.-      "      ".  *:  Thiu  irreintlar  dirt  layer  with  lienite. 
looalrtiesj  and  ^  i,,,^,,^^  ^^^^  ^-^^^  ^^^^  ^j  ^^^^^ 


to  the  Hard 

and  Soft 
Cape. 


3  3 

2  0 

1  7 

2  8 


llnrd  beds  of  variable  limestone,  some 

maasive    and    irregular,   with   occa- 

eiooa!  chert      .... 

Irregular  fissile  banded  morl^,  hard 

and  soft  beds  ■  .  -  - 

Impure  clays  and  marls  with  two  block 

enrthy  bands  with  lignite  and  stamps 

of  iTees  (disturbed  in  places)  - 

Thill  and  variable  beds  of  compact  and 

earthy  limestone,  fissile  in  places 

1     8  to 

Hard  white   shelly   and   oolitic   lime. 

stone     with    fragments    of    Periia  : 

merging  in  places  into  more  compact 

,      limestone,  and  passing  down  into     -      1      fl 

1  Hard    white    chalky    limestone     with 

occasional  nodules  of  chert    -  -      3      6 

White  chalky  limestone,  with  bands 
i     and  nodules  of  chert. 

A  well  by  tke  farm-buildings  was  sunk  to  a  depth  of  130  feet 
for  water,  and  passed  through  nbout  64  feet  of  Purbeok  Strata. 

The  granular  Purbeck  Beds  were  opened  up  in  a  Hiniill  (now 
disused)  quarry,  nort^^-east  of  the  farm. 

On  the  lower  Dirt-bed  an  immeafo  cylindrical  and  ribbed  mass 
of  rock  was  found  nbout  the  year  1888.  It  was  15  feet  long, 
tapering,  and  about  3  feet  in  diameter ;  in  transverse  eection  the 
form  was  oval,  with  a  cavity  containing  fragments  of  silicified 
wood.  This  was  at  the  time  announced  as  a  fossil  Elephant,  in 
the  local  newspaper,  but  the  "trunk"  of  which  portions  were 
preserved  in  this  huge  calcareo-siliccous  earthy  envelope, 
belonged  to  one  of  the  Purbeck  trees.     (See  Fig.  133.) 

Ills  of  Portland. 

The  Lower  Purbeck  Beds  cover  ihe  greater  part  of  Portlund 
Isle,  and  lliey  may  be  seen  in  the  various  stone-quarric?,  and  in 
the  cliff-sections  south  of  the  Verne,  and  as  far  as  Portland  Bdl. 
Traces  of  Middle  Purbeck  strata  have  been  recognized  only  in 
fragments  ubtaine<1  from  superficia]  deposits  on  the  northern 
slopes  of  Portland.* 


•  W.  Giay,  I'roc.  Geol.  Absoc,  vol.  i.  p.  1 
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Fig.  133. 
Silicified  man  of  Purbeck  Wood,  Portitbam. 


The  Lower  Purbeck  Beds  attain  a  thickness  of  about  40  feet  or 
even  more  io  places ;  the  greatest  tbicknesa  eecD  is  in  the  cliff 
section  south  o£  Block  Nore,  where  nearly  30  feet  of  hard  white 
marls  and  grey  marly  clays  overlie  the  Hard  Slatt  and  other 
beds  esposed  in  the  quarriee.  The  general  euccession  has  been 
preriously  noted  (p.  198),  and  details  of  the  beds  seen  in  a 
quarry  at  Kingbarrow,  have  also  been  given  fp.  200).  It  remwis, 
therefore,  only  to  note  more  generally  the  beds  that  oocur. 

Immediately  oyerlying  the  Portland  Roach  we  find  an 
impereistent  layer  of  carbonaceous  clay  or  "  Dirt"  but  no  plant- 
remains  have  been  obtained  from  it.  It  was  first  noticed  in  1830 
by  Prof.  Henslow.*  Prof.  Blake  has  spoken  of  it  as  a  constant 
band,  and  as  containing  fragments  of  chert  derived  from  the 
Portland  Beds.  Such  evidences  of  erosion  are  however  local, 
and  although  the  Lower  Purbeck  Beds  arc  somewhat  irregular 
and  undulating  in  appearance,  there  is  a  general  conformity 
between  the  stratification  of  Portland  and  Puibeck  Beds,  and  w& 
find  no  evidence  of  any  general  upheaval  of  the  former  strata, 
previous  to  the  deposition  of  the  Cap-bedo. 

The  Purbeck  Cap  Beds  are  hard  dense  grey  limestones,  often 
cavernous  and  somewhat  botryoidal  in  character.  They  are 
extremely  variable  in  thickness :  the  Skull  (or  School)  Cap, 
varies  from  1  ft,  6  ins.  to  9  feet,  and  contains  occasional  cherty 
nodules.  The  overlying  Top  Cap,  which  includes  eometimea  a 
"Top  rising"  layer  is  from  2  to  10  feet  thick.  Both  beds  are 
much  shattered  in  places. 

•  See  BacUand  wd  De  la  Beclit.  tnaa.  GeoL  Sac,  Mr.  I,  vol.  iv.  p.  13. 
a    UMa.  8 
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It  has  been  observed  by  Fitton  and  others  that  the  Portland 
Caps  were  partially  of  subaerial  origin,  for  they  contain  minute 
ramifying  cavities  lined  with  botryoidal  carbonate  of  lime,  sucli 
as  characterize  beds  of  calcareous  tufa,  like  the  travertine  of 
Italy.*  These  features,  as  noted  by  H.  W.  Bristow,  are  met  with 
in  Ae  Tertiary  limestones  of  Sconce  and  Bembridge  in  the  Isle 
of  Wight.  Hence  it  is  likely,  as  Prof.  Blake  remarks,  that  the 
Caps  have  been  "  derived  from  the  denudation  of  the  Portland 
rocks  which  had  elsewhere  emerged  from  the  sea  at  an  earlier 
date,  though  here  the  emergence  had  been  so  recent  that  very 
little  atmospheric  action  had  occurred,"t 

A  second  Dirt  layer,  that  is  found  between  the  two  beds  of 
Cap,  was  also  noticed  by  Prof.  Henslow.  This  is  a  loamy  and 
carbonaceous  bed  that  sometimes  contains  small  fragments  of 
stone.  Fitton  in  1835  noticed  the  occurrence  of  Cycadeae  of 
large  dimensions  in  the  bed  between  the  two  layers  of  Cap.  They 
^'were  in  the  upright  position,  and  apparently  in  the  places 
where  they  originally  crew."  J 

The  term  *'  chafi-hoTes  "  is  applied  by  workmen  to  the  hollows 
or  cavities  which  extend  from  this  lower  dirt-bed  into  the  Top 
Cap,  and  sometimes  through  it :  they  contain  remains  of  decayed 
silicified  wood.  At  this  same  horizon  the  so-called  "  Bird's  Nests" 
or  **  Crow's  Nests "  are  more  commonly  found :  these  are  the 
silicified  Cycadean  stools,  of  which  the  finer  examples  are  those  of 
Mantellia  nidiformis  {Cycadeoidea  megalophylld).\  (See  also 
Fig.  123,  p.  240.)  They  are  found  from  8  ins.  to  1  ft  in  diameter, 
and  from  5  to  10  ins.  in  height;  but  Man  tell  says  the  largest 
specimens  are  about  2  feet  high  and  3  feet  in  circumference. 

Judging  from  the  general  stratigraphical  aspect  of  the  beds,  as 
i^cen  in  the  cliffs  south  of  Black  Nore  and  other  places,  the  Cap 
beds  might  be  taken  to  belong  rather  to  the  Portland  than  to  the 
Purbeck  series,  for  the  Great  Dirt-bed  appears  to  mark  the  more 
important  plane  of  demarcation.  Buckfand  and  De  la  Beche,|| 
took  it  as  the  base  of  the  Purbeck  Beds,  although  Webster  had 
previously  suggested  that  the  Cap  has  more  analogy  with  the 
lower  part  ot  the  Purbeck  Beds  than  with  the  Oolite  below; 
while  Fitton,ir  finding  Cyprides  in  all  the  beds  above  the  Port- 
land "  roach,"  took  that  bed  as  the  top  of  the  Portland  Stone,  and 
this  division  is  now  adopted.  The  observations  of  Forbes  tended 
to  confirm  this,  for  writing  to  Ramsay  in  1849,  he  remarks 
*^  When  you  say  that  the  line  of  division  between  the  Purbecks 

♦  Fitton,  Trans.  GeoL  Soc,  ser.  2,  vol.  iv.  pp.  222,  224. 

t  Quart.  Joarn.  Geol.  Soc,  vol.  xxxvi.  p.  190;  see  also  Andrews  and  Jukes* 
Browne,  Ibid.,  vol.  1.  p.  51. 

X  Proc.  Geol.  Soc.,  vol.  ii.  pp.  185, 186  ;  Tram*.  GeoL  Soc,  ser.  2,  voLiv.  pp.  218, 
223. 

§  Buckland,  Trans.  G;eol.  Soc,  ser.  2,  vol.  ii.  Pis.  47,  48 ;  Mantell,  Geol.  Excur- 
sions round  the  I.  of  Wight,  &c.,  Ed.  3,  p.  289  ;  see  also  Carruthers,  Trans.  Linn. 
Soc,  vol.  xxvi.  Pis.  61,  63, 

II  Trans.  Geol.  Soc,  ser.  2,  vol.  iv.  p.  15 ;  Webster,  Ibid,,  vol.  ii.  p.  44  ;  and 
Buckland,  Bridgewater  Treatise,  Plate  57. 

%  Trans.  Geol.  Soc,  ser.  2,  vol.  iv.  p.  219. 
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and  Portlands  is  exceedingly  well  marked  in  the  Isle  of  Portland, 
you  speak  of  the  supposed  line  (I  thought  the  same  here  [Lul- 
worth]  for  the  first  two  months),  as  marked  by  the  dirt-beds  and 
physioal  features.  One  of  my  points  is  proving  how  far  exactly  the 
Purbecks  extend  downwards,  and  the  result  is^  that  all  the  so- 
called  "  caps  **  are  Purbeck  without  a  question^  the  freshwater 
beds  with  Purbeck  fossils  lying  directly  upon  the  Portland  beds 
with  marine  fossils,  though  strangely  alike  in  mineral  character 
and  consolidation.'^ 

Below  the  Light  House  the  Purbeck  Caps  become  thinner  and 
appear  to  merge  into  one  bed.  Towards  the  Bill  both  beds  are 
seen,  the  Top  Cap  being  much  paler  in  colour  than  the  under- 
lying Skull  Cap.  It  was  near  the  Bill  that  remains  of  Valvata 
and  Cyrena  were  somewhat  doubtfully  recorded  from  the  Cap  Beds, 
on  the  authority  of  Edward  Forbes,  f  Mr.  A.  M.  Wallis  has 
obtained  Cyprides  and  some  Fish-remains  in  a  seam  of  soft  stone 
at  the  base  of  the  Top  Cap.     (See  p.  280.) 

Above  the  Top  Cap  we  come  to  the  celebrated  Gbeat  Dibt 
Bed  (or  Black  Dirt)  of  Portland.  This  is  an  irregular  layer  of 
clay  and  carbonaceous  earth,  with  numerous  partially  rounded 
stoneis ;  these  are  composed  oF  more  or  less  oolitic  limestone,  and 
appear  to  have  been  derived  chiefly  from  Portland  rocks,  although 
I  believe  some  pieces  may  be  derived  from  the  Cap  beds.  Mr. 
Horace  T.  Brown  indeed  suggested  to  me  in  1884  that  superficial 
weathering  of  the  underlying  beds  in  Purbeck  times,  might 
account  for  the  stones.  Analyses  which  he  has  made  of  some  of 
the  fragments  and  of  the  Top  Cap  support  this  view.  No  stones 
that  could  not  have  been  obtained  from  local  strata  have  been 
noticed.  This  Dirt  Bed  is  very  irregular,  seldom  exceeding  1  foot 
in  thickness,  and  almost  thinning  out  in  places. 

The  Burr  Bed  (Burr  of  the  Aish  or  Soft  Burr),  above  the 
Dirt  Bed,  although  practically  forming  part  of  it,  is  a  calcareo- 
siliceous  layer  from  9  inches  to  1  foot  thick,  having  an  irregular 
tnanmiillated  appearance,  well  shown  in  a  drawing  made  in  1832 
by  Henslow.J  Eemains  of  silicified  trees  are  found  in  hollows  of 
these  mounds,  which  are  sometimes  of  circular  form  and  as  much 
as  6  feet  in  diameter,  and  sometimes  oval  and  as  much  as  9  feet 
in  length.  Occasionally  these  oval  masses  are  indented  like  the 
figure  8  with  one  or  two  rings  of  corrugated  masses  of  earthy 
limestone.     (See  Figs.  124  and  133,  pp.  242  and  263.) 

Gentle  undulations  in  the  overlying  Purbeck  Beds  that  afEect 
the  beds  to  a  height  of  12  or  15  feet,  appear  to  correspond  with 
these  mounds,  but  the  beds  are  but  rarely  **  broken  "  as  in  the  Isle 
of  Purbeck,  excepting  where  they  occur  above  the  great  fissures 
or  **  gullies  "  that  traverse  the  Portland  stone. 

Six  or  seven  tree-stumps  are  sometimes  to  be  seen  on  the 
bared  surface  of  the  Great   Dirt  Bed  over  an  area  of  about 


*  Geikie,  Memoir  of  E.  Forbes,  p.  465. 

t  See  Weston,  Quart.  Jouro.  Geol.  Soc,  vol.  yiii.  pp.  116,  118. 

X  Buckland,  Bridgewater  Treatise,  Plate  57. 
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400  square  yards.  They  rise  from  a  few  inches  to  about  3  feet, 
and  rarely  to  as  much  as  6  feet,  occasionally  penetrating  the  over- 
lying Aish  Bed.  Trunks  of  Conifers  are  sometimes  found  lying 
prostrate,  and  partially  imbedded  in  the  Dirt  Bed.  Specimens 
from  2  to  4  feet  in  diameter  have  been  obtained,  and  as  much  as 
23  feet  in  length.  One  example,  18  feet  in  length,  is  placed 
outside  a  house  in  Fortune's  WeU.  The  "  Bird's  Nests  "  (Cycads) 
are  also  occasionally  found  at  this  horizon.  All  the  plant-remains 
are  more  or  less  siUcified,  but  they  contain  coatinpfs  of  carbonate 
of  ^lime,  and  some  ferruginous  matter.  Boots  have  never  been 
observed  to  penetrate  the  Top  Cap. 

What  is  called  the  cap  of  the  Burr  is  a  hard  brown  cherty 
limestone,  that  decomposes  in  places  into  a  sandy  calcareous 
earth.  As  remarked  by  Fitton,  the  Burr  Bed  "has  obviously 
been  deposited  around  the  lower  part  of  the  petrified  trunks."* 

The  silicification  of  the  beds  and  plant-remains  has  been 
attributed  to  the  action  of  siliceous  springs,  f  Webster  remarked : 
^The  woody  part  is  siliceous,  and  the  longitudinal  vessels  are 
filled  by  and  surrounded  with  radiated  quartz ;  numerous  veins 
of  chalcedony  and  quartz  also  pass  through  these  sterns^  but 
always  following  the  direction  of  the  concentric  and  radial 
structure/'t 

The  Aish  (or  Ash)  is  a  soft  earthy  and  sometimed  fissile 
limestone^  closely  connected  with  the  imderlying  bed«  and  having 
often  a  banded  appearance.  Mr.  Lydekker  has  obtained  remains 
of  Cimoliosaurus  from  this  bed.§ 

The  Bacon  Tier  consists  of  earthy  limestone  with  layers  of 
sand,  presenting  sometimes  the  fissile  character  of  the  ^^  slate  '^ 
above. 

The  Hard  Slatt  (or  slate)  is  a  fissile  limestone  from  which 
Fitton  obtained  Cyprides  and  a  small  Modiola.  fish-remains 
have  also  been  found  in  this  bed  by  W.  Gray.  The  Cyprides 
include  Candona  ajisata,  C.  bononicnsis,  and  Cypris  purbeckensis.  |[ 

Occasional  Dirt-layers  are  found  at  the  base  of  the  Bacon  Tier 
and  of  the  Hard  Slat  t. 

The  higher  strata  include  bands  of  clay  and  fissile  limestone, 
usually  presenting  a  rubbly  appearance.  In  these  upper  beds  at 
Steward's  quarry,  Kingbarrow,  there  were  found  several  Bee- 
hive shaped  pits,  7  to  9  feet  deep,  built  of  thin  fiaggy  stone  and 
covered  with  slabs.  One  of  the  pits  extended  through  the  Hard 
Slatt.  Attention  was  called  to  them  by  Mr.  A.  M.  Wallis. 
They  had  evidently  been  used  for  storing  grain.lT 

•  Trans.  Geol.  Soc,  ser.  2,  vol.  iv.  p.  220. 

t  On  this  subiect  see  W.  H.  Weed,  9th  Annual  Report,  U.S.  Geol.  Barvey,  p.  619 ; 
H.  Graf  zu  Solms-Laubach,  Fossil  Botanj  (English  Translation,  Oxford),  1891 , 
p.  29  :  and  H.  G.  Lyons,  Quart.  Joum.  Geol.  Soc.,  vol.  1.  p.  545. 

J  Trans.  Geol.  Soc.,  ser.  2,  vol.  ii.  p.  42. 

§  Quart.  Joum.  Geol.  Soc,  vol.  xlvi.  p.  47.  The  specimen  was  described  as  from 
the  Cinder  Bed,  which  is  not  kuown  in  Portland. 

II  T.  R.  Jones,  Quart.  Joum.  Geol.  Soc,  vol.  xli.  p.  325. 

^  Damon,  Geol.  Weymouth,  1884,  p.  165;  and  Holmes,  Froc.  GcoL  AMoe.» 
vol.  viii.  p.  404. 
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From  Portisham  and  Upway  we  find  no  exposures  of  Purbeck 
Beds  until  we  come  to  the  Vale  of  Wardour,  the  rocks  probably 
stretching  beneath  the  Cretaceous  covering  in  the  direction  of 
Dorchester  and  Blandford.  It  must  be  remembered  however  that 
the  concealed  outcrop. is  probably  shifted  a  few  miles  eastward  by 
the  Ridgeway  fault. 

Vak  of  Wardour. 

In  this  district  the  Purbeck  Beds  are  well  shown  in  many 
quarries  and  cuttings^  but  we  have  no  continuous  section  to  enable 
us  to  estimate  the  full  thickness  with  accuracy.  The  beds  have 
been  described  by  Fitton,  Brodie^  O.  Fisher,  J.  F.  Blake, 
Hudleston,  W.  K  Andrews  and  A.  J.  Jukes-Browne. 

The  general  succession  of  strata  appears  to  be  as  follows : — 


Pnrbeck 
Beds. 


^  r  Shell-marls,  clays  and  marls,  with 
S.^      **  beef,"  and  sandy  layers  with 


0  I     bands  of  calcareous  sandstone    - 
f Marls     and    sandy    rocks,    with 

**  beef,"  limestone         with 

ArchoBoniscus,  Cinder  Bed,  and 
other  calcareous  bands    - 
f Limestones    and    shales    ("Lias," 
C         &c.)  -  .  .  - 

1  /  Limestone,  clay,  and  oolitic  beds  - 
^  ^  Fissile  limestones,  tufaceoas  beds 

and       dirt-beds,     with      chert 
nodules,  &o,        .  .  • 


Ft.    l5. 


20      0 


12      0 


o 


18 
15 

0 
0 

20 

0 

85 

0 

It  is  difficult  to  mark  any  divisional  planes  to  correspond  with 
the  Lower,  Middle,  and  Upper  Purbeck  divisions  of  the  Dorset 
Coast.  The  occurrence  of  Ostrea  distorta  was  noticed  by  Fitton, 
but  the  presence  of  a  bed  equivalent  to  the  Cinder  Bed  of  Durlston 
Bay,  was  first  recosrnized  by  the  Rev.  O.  Fisher.*  The  presence 
of  Upper  Purbeck  Beds  was  generally  questioned  until,  in  1894, 
Messrs.  Andrews  and  Jukes-Browne  described  beds  that  belonged 
to  this  division  ;t  but  they  included  as  Purbeck,  strata  that  I  was 
led  to  regard  as  Wealden^  durii^  my  examination  of  the  sections 
in  1885.  My  observations  then  led  me  believe  that  the  Wealden 
Beds  rested  quite  conformably  on  Upper  Purbeck  Beds.  I  have 
been  able  to  confirm  this  view  by  a  subsequent  examination  of 
the  ground  in  1894,  in  company  with  Mr.  A.  Strahan. 

The  lowest  Purbeck  Beds  are  exposed  in  the  great  quarries  of 
the  Cliilmark  ravine.  {  A  pit  on  the  north-east  side  showed  the 
following  beds : — 


*  Quart.  Jofim.  Geol.  Soc.,  vol.  x.  p.  477. 
t  Ibid.,  vol.  L  p.  59. 

t  See  oiso  J.  F.  Blake,  Quart.  Journ.  GeoL  Soc,  vol.  xj:xvi.  p.  200 ;  and  Andrews 
and  Jukes-Browne,  Ibid*,  vol.  1.  p.  48. 
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I.  134, — Section  at  Chilmark,  i 
of  Wardour. 

9  Flaggy  limestone  ood  nierl;  claj* 
H.  Dirt  Bed,  1  ft.  lo  18  ine.  thick, 
like  the  Great  Dirt  Bed  of 
Ponlaod,  a  carbon aceons  clay 
with  remains  of  CycndK,  and 
with  rounded  Iiimpa  of  lime- 
Btone  and  dccompoaed  chert  - 
7.  White   murlj   rock  and  clay  of 

irregular  thicknesa 
6.  Dirt  Bed, marijuudcBrbonaceoua 

clay  with  BtoneB 
5.  Marly  day  and  irregular  earthy 
limeitone        -  .  - 

i.  Tofaceotis  aad    granular  oolitic 

stone,  irregular  -  -j 

3.  EaRhy  to&cGoas  limettone  with 
chert  «e«ni4,  passing  down  iato 
pale  fiiwla  and  earthy  lime- 
's. Bufi  oolitic  (tone,  forming  roof- 
bed  of  mine,  with  marlj  band 

] .  BoQ  compact  oolitic,  and  in 
places  rather  sandy  limestones. 
(Upper  Building  Slanca). 
Seen  to  depth  of  12  feet,  the 
lowcBl  bed  contuiuing  chert. 


Mesers.  Andrews  and  Jukea-Browoe  record  MantelKa{Cyeade- 
eideo)  microphylla;  and  la  the  layer  above  noticed  as  the  upper 
Dirt  Bed,  they  noticed  an  upright  and  rooted  stump  of  a  tree,  the 
stem  standing  about  6  feet  high.  - 

The  Lower  Purbeck  Beds  were  observed  by  Fitton  in  some  of 
the  old  qaarries  at  Upper  GhicksgrOTe.  The  details  of  the  strata 
▼ary  considerably  from  place  to  place,  even  in  one  quarry,  as 
at  Wockley.  There  the  general  section  which  I  noted-nas  'as 
follows : —  Ft,"  Ik. 

14.  Loamy  soil   -  ■  0    6  to      1      0 

13.  Fiasile  limeatonca,  some  oolitic; 
and  marls  and  clajB  with  layers 
of  aandy  limestone  and  Band: 
about  -  -  •  n    '  n 

12.  Hard  marly  limeatone 
11.  Banded  limestones  and  maris 
( 10.  Dark  claye    - 
'    9.  Sandy  limestone 

8.  Earthv  marl  with  irregnlar  (?  oon- 

oretionary)  masBes  of  stone 
7.  FisBile  limestonea    -  -2    Oto 

e.  Dark  shaly  clay,  mnch   sqneetied 
np  in  plaooB. 
^  5.  Compact  limestones  -  • 

'  4.  Boacby  bed  with  chert  at  top. 
3.  Chalky  limestonas. 
2.  Sandy  limestone. 
.  1.  Shelly  and  >andy  limestone. 


Purheck 
Beds. 


Upper 

Portland  Beda.- 

(Seo  p.  204.) 
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Fig.  X35. 


The  Pnrbeck  Beds  resemble  in  some  respects  the  lower  beds  of 
Lulirorth  Cove  and  Worbarrow.  They  undulate  and  are  much 
broken  up  in  places.  Bed  No.  6,  which  was  best  shown  in  the 
northern  part  of  the  pit,  ma;  represent  one  of  the  Dirt  Beds, 
while  Bed  8  reminded  me  of  the  Soft  Burr  and  Bacon  Tier  of 
Portland. 

Messrs.  Andrews  and  Jukes-Browne*  figure  a  curious  distur- 
bance in  the  beds,  but  I  saw  nothing  bo  striking  as  they  have 
represented  (in  a  slightly  diagrammatic  mannerj,  either  in  1885, 
or  on  a  subsequent  visit,  in  1894,  in  company  with  Mr. 
Strahan. 

In  the  Unseam  of  Practical  Geology  there  is  a 
"  Large  Block  of  Limeetone,  sbon'ing  the  junction 
between  the  Portland  and  Purbeck  formationa  from 
Oakley  [Woekley]  Qaany,  near  Tisbnry."  It  was 
thns  described  by  H.  W.  Briatow  ;  "  In  the  quarry 
from  which  the  specimen  wm  taken,  the  uppermost 
bed  of  Portland  Stone  is  harder  than  the  chalky 
limeHtcino  opoa  which  it  reposes,  and  is  crowded 
with  marine  shells  common  to  the  formation,  viz., 
Trigonia,  Cardtum  dieaimiU,  0»treii,  &c.  Imme- 
diately above  this  etratam  is  a  bed  of  hard,  grey, 
bituminoos  limeatoDc,  the  upper  foot  of  which  is 
fissile  and  used  for  flngstonea.  In  the  specimen,  a* 
in  the  uuany,  the  exact  line  of  junction  between 
the  shelly  bed  and  the  fissile  limestone  is  scarcely 
distingaiehabte  to  the  eye,  but  when  broken  by  a 
heavy  blow  the  Portland  Stone  and  the  Pnrbeck 
split  off  from  each  other  ab  the  junction,  along  a 
smooth  and  even  surface.  The  line  of  demarcation 
between  the  two  strata  is  crowded  with  fish/'f 

In  their  sectiou  at  Woekley  Messra.  Andrews 
and  Jukes-Browne  group  with  the  Portland 
Stone  the  hard  Baggy  limestone  that  I  have 
included  at  the  base  of  the  Purbeok  Beds. 
They  state  that  the  flaggy  and  shelly  portions 
"  are  firmly  welded  together,  and  would  yield 
a  slab  like  that  at  the  Museum  of  Practical 
G^eology,  in  which  Portland  shells  are  visible 
in  the  lower  and  Cyprids  in  the  upper  part, 
but  these  Cyprids  are  not  freshwater  species, 
being  in  fact  Candona  antata  and  C.  hono- 
niemis  (which  are  eetuarine  forms).  From  the 
flaggy  portion  two  species  of  fish  have  been 
obtained  {Opkiopsit  brevicepi  and  0.  pemcil- 
latut)  and  also  a  large  species  of  ArchtBonitcut." 
Furthermore,  they  obtained  fttim  the  beds 
above,  Candona  amata,  Gtfpridea,  Gffprit, 
Cardium,  and  Corbxtla  alata.X 


aV.i^C^ 


J  /  llx)  ■  'A  ' 


•  Quart.  Journ.  Geol.  Soc.,  vol.  1,  pp.  *9, 52. 
t  Catalogue  of  Bock  Specimeiu,  ed.  3,  p.  139. 

t  Qnart.  Jonm.  Geol.  Soc.,  tol.  I.  p.  51.     See  ibo  Fiitoo,  Tniu.  GW.  See.. 
•ei.  S,  vol.  iv.  p.  S53. 
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To  be  consistent^  however,  we  must  continue  to  regard  the  old 
plane  of  division  as  the  best^  and  going  again  to  the  district  with 
Mr.  Strahan  I  found  no  difficulty  in  determining  this  junction 
in  the  quarries  near  Tisbury  nnd  Chilmark.  The  evidence 
of  the  fossils  shows  that  the  change  of  conditions  was  not  so 
marked  as  in  other  localities  where  freshwater  beds  overlie  those 
of  a  marine  character.  Here  we  have  estuarine  beds  overlying 
marine  beds,  while  in  other  places  in  the  Vale  of  Wardour 
the  **  Cyrena-beds "  of  the  Upper  Portland  Beds  have  been 
regarded  as  of  a  scmi-estuarine  character.    (See  p.  181.) 

An  inteiesting  section  to  the  south-east  of  Ridge  has  been 
noted  by  Messrs.  Andrews  and  Jukes-Browne  as  follows  : — * 


Lower 

Parbeck 

Beds. 


1 


Dark  brown  soil  -  -  . 

^Weathered  marlstoue  or  *'  Has  '* 

Biiff-coloured  marl,  with  seams  of  grey 
clay      -  -  -  -  - 

Soft  fine-grained,  marly  oolite,  a 
mixture  of  oolitic  particles  with 
triturated  shells,  cyprids,  &c. ;  with 
thin  layers  of  harder  compact  marl- 
stone  in  the  lower  part 

Soft  yellowish  calcareous  oolitic  sand  - 

Very  hard  limestone,  consisting  of 
shelly  layers  alternating  with  seams 
of  compact  marl  stone 

Soft  marl  with  yellowish  oolitic  stone  - 

Hard  grey  shelly  limestone 

Oolitic  stone,  with  layers  of  marl 

Soft  calcareous  stone  passing  down 
into  hard  limestone  with  pseudo- 
morphous  crystals  of  ix>ck-salt: 
Corhula  alata,  Peitia,  Carduim,  Leda, 
SerpuUij  &c.    -  -  -  - 

Grey  laminated  marl     -  -  . 

Bufi*  marlstone    -  -  - 


Ft.  Ik. 
1      0 
1      0 

0      6 


2      8 

0      9 


0  10 

3  2 

2  4 

3  3 


3  8 

1  0 

3  0 

22  4 


To  the  north  of  this  quarry  and  just  east  and  also  south  of  the 
letter  e  of  Eidge  on  the  6-inch  map — by  the  road-side — ^two  large 
trees  that  had  been  blown  down,  had  torn  up  blocks  of  Purbeck 
stone — ^shelly  and  sandy  limestone.  These  were  observed  by  Mr. 
Strahan  and  myself,  and  served  to  indicate  that  hereabouts  the 
Oault  rests  directly  on  the  Purbeck  Beds. 

To  the  south-west  of  TefFont  Evias  Church  there  is  a  long 
excavation  in  the  Purbeck  Stone-beds  which  present  a  general 
r^emblance  to  Lower  Lias  limestones,  and  many  beds  are  known 
to  the  quarrymen  as  *'  Lias."  The  best  section  is  near  the 
Lime-kiln  at  the  northern  end  of  the  workings ;  this  I  noted  as 
follows : — 


*  Quart.  Joun.  Geol.  Soc.,  vol.  1.  p.  52. 
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Middle 

Pnrbeck 

Beds. 


Lower 

Purbeck 

Beds. 


1 


Brashy  soil,  brown  sandy  loam. 

Chorty  layer  with  many  bivalves 
[Cyclas], 

GiHDEB  Bed  :  hard  greyish  brown  lime- 
stone, much  broken  np;  Ostrea 
diBiorta,  \Trigonia  gibhosa,  and  spine 
of  Hemicidaris']  -  .  - 

Clay  and  rubble  -  -  -  - 

Hard  j^ey  limestone  with  dendritic 
markings         -  -  -  - 

Grey  shelly  limestones,  splitting  np 
irregalarly;  the  bottom  bed  callea 
White  Bed  (6  ins.  to  1  ft.)  [Chelonian 
bones,  Hyhodus,  Cy prides]     - 

Shaly  limestone,  with  cnrions  concre- 
tionary projections  from  base  of 
White  Bed,  which  disturb  this 
stratum  \Modiola\       -  -  - 

T*ale  grey  mbbly  marls  -  -  - 

White  limestones  [Lias  No.  1]  - 
Sandy     marl      and     clay    [3fe«oc?o/i, 

Estheria,  and  Cyprides] 
Sandy  shell-limestone  Blue  Eock  [or 
Flagstone]  :  blue-hearted  stone, 
weathering  buff,  with  brown  ferru- 
ginous base  called  Scale,  showing 
tridactyl  markings  on  under  surface. 
Cyrena  [Fish-remains] 
Clays  and  shales  with  Cypridea  granu- 
losa,  \_Cy^is  purhechensis'] 

I  Hard  white  marl            -  ] 
.  Soft  marl           -            -  V  [Lias  No.  2] 
I  Hard  marly  limestone  -  J 
I  Soft  white  marl  -            -            - 
I  Hard   white   marly   limestone     [Lias 
L    No.  3] 


Pt.    Iir. 


1 
0 


0 
1 


1 


0 
8 


4 
6 


0      4 


0 
3 
0 
3 
3 


The  above  section  has  been  described  in  more  detail  by  Messrs. 
Andrews  and  Jukes-Browne,  and  I  have  added  in  square  brackets 
some  of  the  fossils  lecorded  by  them.  They  had  an  excavation 
made  below  the  floor  of  the  quarry,  and  their  observations  showed 
that  the  lowest  bed  of  "  Lias  "  (No.  3)  above  noted,  was  3  ft.  6  ins. 
thick,  and  beneath  were  nearly  8  feet  of  marls  and  marly  lime- 
stones. 

From  the  Lower  Purbeck  Beds,  and  especially  from  the  bands 
of  *'  Lias,"  Mr.  Andrews  has  obtained  many  fish-remains,  includ- 
ing Caturus,  Coccolepis,  Leptolepis^  and  Pleuropholis.  Many  of 
these  are  very  beautifully  preserved,  but  all  are  diminutive  when 
compared  with  the  Purbeck  fishes  of  Dorsetshire.* 

The  finding  of  Estheria  subquadrata  was  recorded  by  Prof. 
T.  R.  Jones.t 


*  Quart.  JourD.  Geol.  Soc.,  vol.  1.  p.  53. ;  and  A.  Smith  Woodward,  Qeol.  Mag., 
1895,  p.  145. 
t  Geol.  Mag.,  1890,  p.  389. 
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The  occurrence  of  the  Cinder  Bed  in  situ  in  the  Vale  of  Wardour 
was  first  observed  by  the  Rev,  0.  Fisher.*  It  has  since  been 
proved  in  a  well  at  Teffont  Rectory,  as  I  am  informed  by  Mr. 
Andrews,  who  ''saw  a  rough  section  of  the  well,  about  12  feet 
below  the  floor  of  the  cellar,  showing  the  beds  below  the  Cinder.** 
It  has  yielded  Ostrea  distortay  Cardium,  Trigoniuy  Corbula,  &a 

The  Purbeck  stone-beds,  comparable  with  those  of  Teffont 
Evias,  have  also  been  quarried  for  road-metal  and  building-stone 
on  the  south  of  Lower  Chicksgrove.  There  is  a  band  of  hard 
grey  limestone,  like  the  Swanage  stone,  and  compact  smooth- 
grained  limestone  termed  "  Lias "  (2  feet  ihick).  These  beds 
overlie  shelly  limestones  and  marls,  with  decomposed  shelly 
layers  and  "beef;"  with  Paludina  and  Modiolcu  The  Cinder 
Bed,  as  noticed  by  Messrs.  Andrews  and  Jukes-Browne  occurs 
above  these  beds,  and  is  surmounted  by  a  marly  oolitic  limestone, 
and  by  clays  with  *'  beef,"  &c.t 

Higher  up  occurs  the  Isopod  Limestone  discovered  by  the  Rev. 
P.  B.  Brodie,t  a  band  containing  Archceoniscus  Brodiei  in  multi- 
tudes here  and  there,  although  the  stone  may  in  places  be  split  up 
without  any  specimens  being  observed.  This  fossil  occurs  also  at 
other  horizons,  but  the  particular  bed  above-mentioned  is  a 
smooth-grained  limestone  that  may  be  readily  identified  in  the 
neighbourhood  of  Dinton. 

About  a  mile  west  of  Dinton  Station  and  extending  north- 
westwards along  the  scarp  into  Teffont  Park  there  are  traces  of 
old  stone-pits.  Some  of  these  must  be  at  or  near  the  spot  where 
fltton  noted  his  section  at  Dallard's  Farm.  This  showed  about 
12  feet  of  slaty  stone  and  clay  with  Ostrea  distorta,  Modioia, 
Corbula  alata,  and  Cyprides.  Others  are  nearer  the  present  line 
of  railway,  and  are  those  described  by  the  Rev.  P.  B.  Brodie 
and  the  Rev.  O.  Fisher.  Fitton  mentions  that  on  Ladydown, 
quarries  have  long  been  worked  for  the  sake  of  tilestone — a 
fissile  stone,  yielding  Cyrena  and  remains  of  Fi8hes.§ 

Somewhat  higher  beds  probably  were  opened  up  at  Dashlet,  on 
the  south  side  of  the  Nadder,  to  the  north  of  Fovant,  for  there 
Fitton  noted  oolitic  particles  in  the  top  layer  of  stone,  and  found 
Ostrea  distorta,  Fish-remains,  &c.,  in  a  compact  limestone  at  the 
base  of  the  quarry.  In  these  quarries  no  doubt  the  stone  was 
obtained  below  the  Cinder  Bed. 

Clear  sections  of  the  strata  from  the  Cinder  Bed  up  to  the 
junction  with  the  Wealden  Beds  have  been  exposed  in  the  two 
railway-cuttings  to  the  west  of  Dinton  Station.  The  second 
cutting  west  was  described  in  detail  by  the  Rev.  W.  R.  Andrews 


*  Qnart.  Joum.  Geol.  Soc,  vol.  x.  p.  477. 

t  find,,  ▼ol.  1.  p.  64. 

X  Protti  €kol.  Soc,  vol.  iii.  pp.  134,  780 ;  History  of  Fossil  Insects,  pp.  8,  IS,  19 ; 
and  Quart.  Joum.  GeoL  Soc,  vol.  z.  p.  474. 

§  Trans.  Geol.  Soc.,  ser.  2,  vol.  iv.  pp.  249-251 ;  see  also  Brodie,  Proc.  G^l. 
8oc.|  vol.  iii  p.  780. 
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m  1881,  wfao  then  took  Bed  19  aa 
the  top  of  the  Middle  Purheck  Beds, 
heheving  that  they  were  o-verliud 
unconfonnably  by  the  Wealden 
Beds  20.*  The  clear  connexion  with 
the  overlying  beds  was  not  manifest, 
and  when  I  examined  the  sections  in 
1885  I  noted,  as  wellaa  I  could,  the 
vanous  strata  that  occurred  above 
the  leopod  Limestone  onwards  to 
the  white  and  coloured  clays  on  top 
of  the  series  near  Dinton  Station. 
These  white  clays  I  look  to  be 
Wealden  and  thought  they  were  the 
beds  BO  described  hy  Mr.  Andrewe. 
The  bed  of  hard  eroded  marl  ^19) 
descnbed  by  him,  is  identical  in 
character  with  Bed  27,  and  this 
caused  my  misinterpretation  of  his 
section.  In  the  meanwhile  Messrs. 
Andrews  and  Jukes-Browne  have 
given  particulars  of  the  strata,  and 
have  mcluded  vrith  the  Upper  Pur- 
heck Beds,  strata  that  I  regard  as 
ViealdeD.t  In  the  spring  of  1894 
Mr  Straban  and  I  examined  the 
area  and  were  fortunate  in  finding  a 
freeh  cutting  near  Dinton  Station, 
the  railway  having  been  widened  for 
the  extension  of  the  siding.  We 
were  thus  enabled  to  measure  all  the 
strata  from  the  base  of  the  white 
clays,  which  we  regard  as  Wealden, 
down  to  the  blue  clay  taken  by 
Messrs.  Andrews  and  Jukes-Browne 
as  the  base  of  the  Upper  Purheck. 
Bxomming  also  the  second  cutting 
where  the  Isopod  Limestone  is  wdl 
shown,  w«  were  led  to  believe  that 
that  band  would  be  met  with  a  foot 
or  two  below  the  lowest  bed  exposed 
in  the  first  cutting.  Getting  assist- 
ance in  digging  a  hole  we  were 
succoesful  in  finding  this  well-marked 
band  of  limestone  No.  13,  and 
thereby  confirmed  our  previous  in- 
fi.rcnce  that  there  was  no  discordance 
and  no  evidence  of  faulting  between 
the  two  cuttings. 


*  Proc.  Donet  Nat.  Hi«t  Clab,  tqL  v.  p.  SB ; 
Qnarl   Jram.  Ueol.  Soc.,  voI.izzTui.  p.  251. 

t  Qoart.  Joorn.  Geo).  Soc,  vol.  1.  p.  59; 
aiidH.  B.W.,/Wrf.,p.71. 
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Fio.  137. 
Section  at  Dinton. 


The  following  is  tlie  section  exposed  in  the  nulway-cutdng* 
west  of  Dinton  milway-atalion  (eee  also  Fig.  136,  p.  273)  : — 

Fr.Ix. 
~34.  IncgnlATgraTel  paMiiigdaKiiiuto  whitiih 

stony  clay         -  -  -  -    5    0 

33.  White,  grey,  and  mottled  clay,  pawing 
down  into  white  and  ochreoui  clay  with 
seam  of  greenish  aand  -  -  -    8     0 

32.  Laminated    yellow    ochreous    clay   and 

SI.  Brown,  block,  and  white  sand,  and  thin 

layer  of  laminated  clay  -  -OS 

'30.  White  marl    pauiug    down   into   elay : 

with  Cypride*   -  -  -  -14 

29.  Shelly  calcareous  grit    -  -OlJtoOS 

28.  Grit^  mail         -  -  -  -    o    a 

27.  White  marl  with  black  (carbonaceons  ?) 

matttr  on  top  -  •  -04  to  08 

26.  Bine  clay-  -  --OS 

25.  BlnUh-grey  eftlcareons  sandstODe  -OS 

24.  Maris  and  clayi,  with  thin  bands  of 
"  beef,"  and  ibin  impersiatcnt  layers  of 
sandstone         -  -  -19to26 

23.  White  ibell-mail,  with  thicker  bands  of 


'■  beef  " 


"  beef," 


£2.  Duk  blue  clays,  with  shell-mail,  ■ 

and  femginouB  matter  .    a    6  to 

SI.  Blue-beorted  shelly  and  sandy  limestone, 

with  greEnish  earth   in  places,  lignite, 

Unio,  Paiudina. 
Brown  calcaieoni  sandstone.    The  whole 

passing   into    sand    with    ferrnginous 

90.  Yellowish  sauds  and  laminated  sands  and 
clays,  pasting  downwaids,  and  laterally 

into  stiff  blue  clay        -  -    4     0  to 

'19.  Haid-joicted  white    marl,    the   BDr&ee 

eroded  and  the  hollows  filled  *ith  clay 

(like  bed  27)-  -  •    0    1^  to 

le.  Thin  laminated  marl,  with  layers  of  clay 

and  sand,  shelly  bands  and  "  beef  " 
17,  CaJcareons  aandstone  passing  into  sand 

1     0  to 
IB.  Chiy  with  shelly  bands    - 
15.  BrowD  sandy  lock  with  Cyreno 
14.  Shell-marl  with  greenish  tinges 
13.  Smooth -grained     grey    limestone    with 

Architoniicia   -  -  - 

12.  Sandy  iheU-marl  -  -  ■ 

11.  Giey  moiIy  and  femiginons  limestones 
10,  White  limastones 
9.  Shelly  and  sandy   limestones.    Fish-re. 

8.  Shell-tnail  with  "  beef ' 

7.  CindniBedi  earthy  limestone  with  Oitrm 

6.  Maily  and  sandy  layer  with  "  beef " 

S.  Giey  sandy  and  shelly   limestone  with 


4.  White  limestone 
3.  White  limestone 

5.  Moily  bed 

1.  Biown  sandy  limestone 
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Still  lower  beds  were  noted  as  follows^  iii  the  adjacent  quarries, 
by  the  Rev.  O.  Fisher  in  1853  :— * 

Ft.  Ik. 

Bibbon  olays  and  sands,  with  com- 
pressed shells .  -  -  • 

Hard  crystalline  limestone,  with  com- 
minuted  shells,  Cypris  and  Cyrena    - 

Brown  sand,  full  of  crushed  biyalves 
and  SerpulsB    -  -  -  - 

Blue  and  grey  laminated  clay  with 
limestone  nodules,  thin  "  beef,"  and 
crushed  biyalyes         -  -  - 

Hard  grey  marly  limestone 

Dirt-bed-  -  .  .  - 

Laminated  clay  and  soft  and  hard 
marls   -  -  -  -  - 

Hard  marl  with  oonchoidal  fracture     - 

These  lower  beds  represent  the  "  Lias  "  beds,  &c.  of  Teffont  ; 
from  the  Middle  Purbeck  Beds  Mr.  Rhodes  and  I  obtained  the 
following  fossils  :— 


Lower 

Purbeck 

BedB. 


1 

0 

1 

6 

0 

9 

] 

3 

0 

0 
6 
3 

1 
0 

6 
8 

Lepidotus. 
Avicula  dorsetensis. 
Cardium. 
Gorbula. 


Cyrena  P  gibbosa. 

media. 

Modiola. 
MytiluB. 


The  "  Upper  Marls "  noted  by  Messrs.  Andrews  and  Jukes- 
Browne  were  proved  in  the  well  at  the  cottages  north  of  Dinton 
Station.  This  well  was  probably  carried  down  through  Wealden 
and  Purbeck  clays  to  the  fossiliferous  bed  No.  21.  The  thin  bands 
of  ca]careous  sandstone  above  are^  like  the  thicker  beds,  readily 
decomposed,  and  their  presence  would  not  have  attracted  the  notice 
of  the  well-sinker.  The  water  would  have  been  obtained  in  the 
sandy  beds  on  this  horizon  and  below.  Indeed  the  same  beds 
yielded  water  in  a  shallow  well  sunk  by  the  old  railway-siding, 
and  the  supply  failed  when  the  siding  was  extended. 

In  the  material  thrown  out  from  tnis  well  Mr.  Andrews  obtained 
some  Fish-scales,  also  the  following  fossils : — 


Paludina  carinifera. 

Cnio. 

Cypridea  punctata. 


Cypridea  (cf.)  valdensis. 
Cyprione  Bristovii. 
Darwinula  leguminella. 


The  evidence  clearly  establishes  the  contention  of  Messrs. 
Andrews  and  Jukes-Browne,  that  the  Upper  Purbeck  Beds  are 
represented,  though  I  believe  their  "  Upper  Marls "  are  for  the 
most  part  Wealden.  In  his  original  notes  on  the  Yale  of 
Wardour,  the  Kev.  P.  B.  Brodie  appears  to  have  observed  strata 
about  as  high  as  No.  23  in  the  Dinton  section. 

The  hard  marl  (No.  19)  and  also  the  similar  bed  (No.  27)  show 
evidence  of  local  dissolution.  The  former  layer,  which  sometimes 
is  15  inches  thick,  has  almost  disappeared  in  places,  being  reduced 
to  1^  inches.     These  facts  illustrate  some  of  the  points  to  which 

*  Quart.  Jo«m.  Greol.  Soc,  vol.  x.  p.  476 ;    see  also  [Andrews,  Ibid,,  toI.  xzxTiiL 
p.  251 ;  Andrews  and  Jokee-Browoe,  Ibid.,  vol.  1.  p.  55  ;*and  Geol.  M«g.,  1891,  p.  299. 
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attention  baa  been  drawn  by  Mr. 
F,  Rutle;  in  a  paper  "On  the 
Dwiodling  and  Disappearance  of 
LimeBtonee."* 

Swindon. 

From  tbe  Vale  of  Wardour  north- 
wards we  see  no  traces  of  Purbeck 
Beds  until  we  reach  the  outlier  at 
Swindon,  for  in  the  intermediate 
area  tlie  beds  are  conccided  beneath 
the  Chalk  of  Salisbury  Plain.  Their 
underground  course  might  be  antici- 
pated to  lie  beneath  the  Cretaceous 
covering  at  IVlarket  Lavington,  near 
Patney  in  the  Vale  of  Pewsey  and 
'  beneath  the  Marlborough  Downs; 
possibly  the  Swindon  outlier  is  not 
far  from  a  concealed  mass  of  the 
strata,  hut  we  have  no  evidence  of 
their  continuity,  though  we  may 
infer  that  Purbeck  Beds  would  t>e 
present  where  both  Portland  and 
Wealden  Beds  occur. 

At  Swindon  we  have  but  the 
lower  portion  of  the  Purbeck  Beds 
exposed,  and  the  accompanying 
section  (Fig.  138.)  shows  all  the  beds 
I  was  enabled  to  observe. 

Section  on  tbe  western  side  of  the 
great  quarries  at  Swindon : — 

Fx,  Iif. 

14.  Pipes  of  reddiali-") 
brown  olsy        - 1 

13.  Bubble  of  groeniah-  ^S     0 
olaj  uid  chalky  I 
mart  -  -J 

12.  Chalky  BuidBtone 
ana  fissile  soudr 
limeatoae,  witik 
interrcning  bed 
or  marl-  -    0    8 

11.  Uarl,  and  hard 
marly  andcaver- 
nouB  limeetone  -    I    i 

10.  Hard,  white- 
banded,  marly, 
fissile  limestone, 
with  Oypridea  -    0    7 

9.  White    marly  bed 

[Paludhm]        .    1    0 

8.  Dark,  bluish-grey, 
marly  and 
earthy  clay       -    1    0 

*  QnarL  Jonin.  Geo).  Soc,.  vol.  kUx.  p.  STt. 
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Purbeck  Beds.     < 


Upper  Portland 
Beds.  ^ 


7.  Light  marly  and  racy  clay,  and  fer- 
ruginous marl        ... 
Yellow,   ochreouB,  and   calcareous 
bed  -  -  -  .  - 

6.  Pale  marl,  ochreous  and  sandy  in 
places         .  . 

Bluish-grey  marl,  with  lenticular  ^  3 
blocks,  masses  of  stone  and  peb- 
bles at  base  -  .  . 
5.  Hard  limestone,  ochreous  and  nodu- 
lar in  Dlaces          -            -            •      0 
Marl  ana  hard  white  marly  lime* 
stone          -           -           -           -      2 
4.  Bubbly  marls,  with  rolled  lumps  of 
limestone  at  base   -            -            -      3 
**  3.  Calcareous     shelly     sands,     with*] 

Ostrea,  Fecten,  and  lignite  *  r   ^ 

Hard  calcareous  sandstone  •  -  J 

Sands,  with  beds  of  hard  calcareous 
sandstone     -  .  .  about    10 

2.  Hard  marly  limestone. 
1.  Bluish-grey  limestone,  with  lydite 
pebbles. 


Ft.  Ih. 
0      6 


6 


9 
0 
0 

0 


The  Purbeck  Beds  here  rest  in  a  roark^Iy  unconformable 
manner  on  the  Portland  Beds,  for  they  occur  on  different  mem- 
bers of  that  series^  eroding  into  the  sands  with  the  layers  of 
Swindon  stone,  and  containing  blocks  derived  from  them.  The 
higher  bands  of  the  Purbeck  Beds  appear  to  overlap  the  lower 
portions  in  places,  but  many  of  the  latter  are  impersistent  and 
variable  in  character. 

Traces  of  Lower  Greensand  were  recorded  by  Fitton  as  resting 
irregularly  on  the  Portland  Beds,*  but  the  evidence  was  not  satis- 
factory,  and  the  only  indications  since  observed  appear  to  be  those 
of  feriniginous  earth  resting  in  pipes  and  furrows  of  Purbeck  and 
Portland  Beds. 

The  unconformity  of  the  Purbeck  and  Portland  Beds  was 
noticed  by  the  Rev.  P.  B.  Brodie,  in  1846,t  and  he  first  observed 
the  occurrence  of  fresh- water  MoUusca,  Cyprides,  Insects,  Fish  and 
Saurian  remains  and  Plant-remains.  In  1880  the  Swindon  sections 
were  described  in  detail  by  Prof.  Blake,j:  who  showed  that  there 
was  no  evidence  of  an  inosculation  of  beds  representing  '  Purbeck' 
and  ^Portland'  conditions,  as  had  been  suggested,  for  the 
evidence  of  unconformity  was  clearly  shown.  He  noted  the 
occurrence  in  the  Purbeck  beds  of  blocks  or  pebbles  containing 
Cerithium  portlandicum,  and  also  of  rolled  fragments  of  Kimeridge 
(?)  Clay.§  At  the  same  time  he  expressed  the  opinion  that  the 
Purbeck  Beds  of  Swindon  were  formed  at  an  earlier  period  than 
any  of  the  Purbeck  Beds  of  Dorset,  having  been  laid  down  con- 
temporaneously with  the  later  Portland  Beds  of  that  region. 


*  Trans.  Geol.  Soc.,  ser.  2,  vol.  it.  p.  265. 
t  Qaart.  Joam.  Geol.  Soc.,  vol,  iii.  p.  53. 

X  Godwin- Austen,  Ibid.,  vol.  vi.  p.  466 ;  and  Moore,  Proc.  GeoI«  Aflsoo.,  vol.  ir, 
p.  544. 

§  Quart.  Joom.  Geol.  Soc,  toI.  xxxvi.  pp.  208,  207,  S22, 


278  UrPEB   OOLITIC   ROCKS   OF   ENGLAND: 

Such  a  view  seems  to  me  purely  hypothetical^  although  it  may 
be  freely  admitted  that  the  conditions  attending  the  deposition  of 
our  Portland  and  Purbeck  Beds  may  have  changed  somewhat 
irregularly  over  the  area. 

The  fossils  frdm  the  Purbeck  Beds  oF  Swindon  include  the 
following :  the  Ostracoda  having  been  determined  by  Prof.  T.  R, 
Jones : — • 


Paludina. 
Planorbis. 
Unio. 

Candona  ansata. 
— ^  bononiensifl. 


Cypridea  Dankeri. 

punctata. 

Cypris  purbeckonsis. 
Cythere  retiragata,  and  var. 
mgulata. 


Shotover  Hill  and  Garsinc/ton. 

Shotover  Hill  is  situated  between  two  and  four  miles  east  of 
Oxford.  The  old  coach  road  to  London  passed  over  the  summit, 
and  the  several  groups  of  strata  opened  up  from  near  Headington 
at  the  western  foot  of  the  hill  to  the  ^^  Iron  Sands  "  on  the  top, 
early  attracted  the  attention  of  geologists.  These  Iron  Sands 
which  have  yieldeil  deposits  of  ochre  and  fuller's  earth,  are  usually 
assigned  to  the  Lower  Greensand,  but  certain  fresh- water  shells 
having  been  found  in  the  lower  strata^  Prof.  Phillips  and  Prof. 
Prestwich  have  considered  that  Wealden  Beds  also  are  repre- 
sented.f  The  Ostracoda  would  lend  support  to  this  vicw.j: 
These  Iron  Sands,  however,  appear  to  rest  unconformably  on 
the  Portland  Beds  below,  whereas  in  all  other  localities  where  we 
find  Wealden  Strata  they  rest  conformably  on  Purbeck  and  Port- 
land Strata,  and  they  are  in  the  south-west  of  England  overliud 
with  marked  unconformity  by  the  Lower  Greensand.  There  is  no 
evidence  of  Purbeck  Beds  on  Shotover  Hill ;  but  the  Portland 
Beds  form  a  straggling  outlier  stretching  in  a  south-easterly 
direction  to  Garsington  and  Cuddesden,  and  covered  irregularly 
by  two  other  outliers  of  the  Iron  Sands,  which  in  one  place 
near  Littleworth  overlap  the  Portland  Beds,  and  rest  directly  on 
Kimeridge  Clay. 

In  this  south-eastern  portion  of  the  Portlandian  outlier,  traces 
of  Purbeck  Beds  were  noted  here  and  there  by  Fitton.§  Thus 
above  the  Portland  Stone  at  Combe  Wood,  south  of  Wheatley, 
he  observed  beds  like  the  '*  Malm  "  of  Garsington.  They  con- 
sisted of  compact  and  oolitic  limestone  and  rubble,  and  yielded 
remains  of  Cypris,  Mytilus,  Modiola,  Paludina  elongata  and 
Planorbis  ?  They  were  overlaid  by  strata  referred  to  the  Lower 
Greensand.     (See  p.  218.) 

The  following  section  of  a  stone-pit  at  Garsington  was  also 
recorded  by  Fitton : —  || 

*  Quart.  Jouro.  Geol.  Soc.,  yol.  xli.  p.  330. 
t  See  also  Morris,  Proe.  Geol.  Assoc.,  vol.  ii.  p.  86. 
.^  T.  R.  Jones,  Quart.  Joum.  QeoL  Soc.,  vol.  xJi.  p.  320. 
§  Trans.  Geol.  Soc,  eer.  2,  vol.  iv.  pp.  272,  275. 
/6i</.^Ber.  2,  ToL  ir.  p.  277. 
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Ft.   Ik. 
Loamy  soil  -      .     •  -  -20 

Lower  f  ferruginous  brown  sand  and  greenish 

Greensand.        [     a^^  ^th  JelW  oclire  and  foUer's      ^      ^ 

'Malm,  soft  limestone,  and  softer  marl, 
much  decomposed ;  comprising : — 
a.  Light  greenish-grey  marl  with, 
in  the  upper  part,  detached 
fragments  of  silicified  conifer- 
ous wood,  like  that  of  Forrland, 
and  portions  of  bone ; 
Purbeck  Beds.  ^         h.  Limestone,  with  oolitic  grains ; 

Faludina,  PlcmorhU  ?,  Mytilus, 


1 


Portland  Stone. 


and  Cypris; 
c.  Limestone,  in  some  places  like 
the  "  Pendle  "  of  the  pits  at 
"Whitchurch,  oolitic  and  bo- 
tryoidal  in  places,  with 
Paludina,  &c.  -  -  • 


Lonff  Crejidonj  Brill,  Aylesbury,  and  Whitchurch. 

Purbeck  Beds^  attaining  at  most  a  thickness  of  30  feet,  have 
been  observed  on  several  of  the  Portlandian  outliers  near  Aylesbury. 
Their  presence  at  Long  Crendon^  Dinton^  and  Bishopstone  was 
noted  by  Fitton  ;  •  and  their  occurrence  at  Brill  was  pointed  out 
by  the  Rev.  P.  B.  Brodicf  Purbeck  Beds  have  also  been  observed 
near  Cuddington,  &c.  On  the  whole  there  are  few  sections  now 
to  be  seen,  and  the  strata  do  not  present  many  features  of  general 
interest  The  occurrence  of  silicified  wood  at  Garsington  is  oF 
interest^  forBuckland  said  he  found  traces  of  a  dirt-bed  above  the 
Portland  Stone  about  two  miles  north  of  Thame — ^probably  at 
Long  CrendoD.     (See  p.  220.) 

In  the  neighbourhood  of  Aylesbury  and  Whitchurch,  as  remarked 
by  Mr.  Jukes-Browne,  the  Purbeck  Beds  form  a  very  variable 
series,  and  although  in  some  places  he  thought  there  was  evidence 
of  contemporaneous  erosion  between  them  and  the  underlying 
Portland  Beds>  yet  in  other  sections  it  "  is  very  difficult  to  say 
where  one  group  ends  and  the  other  begins." 

The  Lower  Purbeck  Beds  were  well  shown  at  the  Bugle  Pit, 
Hartwell.  On  top  there  was  an  accumulation  of  rubble  and  clay 
with  stones,  that  rested  irregularly  in  hollows  of  the  underlying 
beds.  This  appeared  to  me  to  belong  to  the  Drift.  The  strata 
have  been  previously  noted  in  the  description  of  the  Portland 
Beds.  (See  p.  224.)  They  have  yielded  remains  of  Plants, 
Cyprides,  Cyrena,  MytiluSy  Insects,  &c.  From  the  collection 
of  the  late  Dr.  Lee  at  Hartwell,  Messrs.  Sharman  and  Newton 
identified  Turtle  Bones,  and  remains  of  the  Fishes,  Aspidorhynchus, 
Lepidotus  minor,  Pleuropholis  ierrata,  Mesodon  (Pycnodus),  and 
Strophodus, 


*  Trans.  Geol.  Soc,  ser.  2,  vol.  iv.  pp.  282-287. 
t  Quart.  Joarn.  Greol.  Soc,  vol.  xxiii.  p.  197. 
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Prof.  T.  R.  Jones  obtained  the  following  species  of  marine  and 
freshwater  Ostracoda  from  .beneath  the  junction  of  Purbecfc 
and  Portland  Beds ;  the  material  having  been  forwarded  by  Mr. 
Jukes-Browne : — 

Candona  ansata.  |        Cy there  reiirngafa. 

bononiensis.  var.  rngulata. 


Cypria  purbeckensis. 

This  evidence,  in  Mr.  Jukes-Browne's  opinion,  points  to  a  gradual 
transition  between  the  formations ;  as  all  the  above-mentioned 
species  were  also  obtained  from  the  Purbeck  Beds.*  (See  p.  227.) 
~  The  occurrence  of  Purbeck  Beds  on  Quainton  Hill  was  noted 
by  Fitton.  Beneath  the  Lower  Greensand,  consisting  of  red  sand 
and  ferruginous  conglomerate  with  ochre,  clay,  fuller's  earth,  and 
sands,  altogether  about  17  feet  thick,  the  following  beds  were 
observed  :— 

Ft.  Iw. 

Clays  with  fragments  of  shells  (obscure) 

Hard  sandstone  or  siliciferous  grit,  with  Paludina  and 

Oyrena?   -  -  -  -  -  -  -30 

White  sand  and  clay,  with  decomposed  shells  ;    Mytilus, 

Modiola,  and  Cypris         -  -  -  -  -      3      0 

Fissile  oolitic  stone  (Pendle),  with  Cypria,  Cyrena  (Cyclaa) 

parva,  Modioli,  ancl  Mytilus       -  -  -  -      0      6 

The  Pendle  rested  on  the  Portland  Stone,  but  there  was  evi- 
dently some  unconfonnity  with  the  overlying  beds,  for  at  one 
point  the  Purbeck  Beds  were  covered  directly  by  the  hard  ferru- 
ginous conglomerate  which  elsewhere  occurred  above  the  main 
mass  of  sandy  strata  grouped  with  the  Lower  Greensand.  Fitton 
thought  that  the  siliciferous  grit  might  belong  to  the  Wealden 
Beds;  but  all  the  layers  may  be  grouped  with  the  Purbeck  form- 
ation. Similar  beds  were  noted  by  him  in  the  outlier  at  Oving 
and  Whitchurch,  to  which  reference  has  previously  been  made ; 
and  he  recorded  thin  layers  of  Purbeck  limestone  and  clay  in 
a  pit  at  the  Warren,  south  of  Stewkley.t  Further  to  the  north- 
cast  we  liave  no  evidence  of  any  Purbeck  Beds  of  the  type  of 
the  freshwater  and  estuarine  beds  already  described. 


Sussex. 

The  lowest  beds  exposed  in  the  Wealden  area  emerge  from 
beneath  the  Ashdown  Sand  to  the  north  and  north-west  of  Battle, 
in  Sussex.  The  summit  of  the  anticlinal  which  is  much  broken 
by  faults,  is  to  a  certain  extent  repeated  at  Ashdown  Forest,  but 
we  have  no  exposures  there  of  beds  beneath  the  Ashdown  Sand. 
These  older  strata  extend  from  near  Whatlington  on  the  east,  to 
near  Little  Tattingworth,  north-east  of  Heathfield  on  the  west,  a 
distance  of  nearly  10  miles.  The  breadth  of  the  exposures  is 
nowhere  so  much  as  one  mile,  and  they  are  separated  into  three 

♦  Quart.  Journ.  Geol.  See,  vol.  xli.  p.  329. 

t  Trans.  Geol.  Soc,  ser.  2,  vol.  iv.  pp.  S73,  aSS,  290,  391. 
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p  )rtions,  the  two  easterly  exposures  being  faulted.  The  western 
exposure  includes  the  beds  at  Foundsford  and  Rounden  Wood  ; 
the  central  exposure,  that  of  Darvel  and  Limekiln  Woods,  with 
the  site  of  the  Sub-Wealden  Boring  north  of  Netherfield;  and  the 
eastern  exposure  includes  the  beds  in  Archer  Wood. 

Conybeare  and  Phillips,  in  1822,  remarked  that  the  **  argillo-calcareons 
formation  "  near  Battle  **  will  probably  be  found,  on  an  attentive  exami- 
nation of  all  its  beds,  especially  the  lowest,  to  coincide  with  that  of 
Purbeck.'*  • 

In  1824  Thomas  Webster  remarked  on  the  very  close  resemblance 
between  the  beds  quarried  near  Battle  Abbey  and  the  Purbeck  strata ;  f 
and  in  the  same  year  Fitton  noted  the  occurrence  of  **  Cyretia**  and  other 
fossils  '*  in  slaty  clay  between  the  beds  of  limestone,  near  Barrel  Wood," 
strata  which  he  stated  to  be  '*  below  the  Hastings*  Sands.  "^  Later  on  he 
commented  on  the  similarity  between  the  clays  with  **  Cyclas  "  found  in 
association  with  the  limestone  north-west  of  Battle,  and  certain  Purbeok 
strata  near  Swanage.§  In  the  meantime  Mantell  ||  also  referred  to  these 
strata,  but  the  fossils  from  Poundsford,  or  Pounceford,  were  noted  ar 
Wealden. 

Fitton,  and  afterwards  Mantell,  described  the  strata  under  the  name  of 
AsHBURNHAM  Beds,  although  the  Tillage  of  Ashburnham  is  situated  more 
than  three  miles  to  the  south-west  of  the  nearest  exposure  near  Netherfield. 
Under  this  name  the  strata  were  mapped  by  Mr.  C.  Gould,  and  they  were 
80  designated  on  the  G-eological  Survey  Map,  sheet  5  ;  but  in  1875,  when 
Mr.  Topley  described  the  Wealden  area  in  detail,  he  decided  to  group  the 
Ashbuniham  Beds  with  the  Purbeck  Beds,  because  they  were  known  to 
contain  some  Purbeck  fossils,  "  and  also  because  of  the  striking  lithological 
dil!*erence  between  these  beds  as  a  whole  and  the  Wealden  proper."  % 

No  sections  showing  the  junction  of  the  Purbeck  Beds  and 
Ashdown  Sand  have  been  observed,  but  Mr.  Topley  remarks  that 
*'  tlie  two  divisions  are  well  marked  ofF  from  each  other,  although 
in  the  lower  part  of  the  Ashdown  Sand  there  is  a  good  deal  ot 
loam  and  clay,  the  representative  of  the  Fairlight  Clays  of  the 
coast."  He  considered  it  probable  that  the  Purbeck  Beds  "occur 
nt  110  great  depth  below  the  base  of  Fairlight  (MiiF."  **  The 
FairUght  Clays  comprise  coloured  clays,  with  many  beds  of  sand 
and  sandstone,  and  lignite,  and  present  characters  that  clearly 
associate  them  with  the  Wealden  rather  than  with  the  Purbeck 
for.  nation. 

The  Purbeck  Beds  consist  of  a  group  of  shales  with  important 
bands  of  limestone,  occasional  beds  of  hard  calcareous  sandstone, 
and  in  the  lower  part  with  bands  of  gypsum. 

The  succession  of  the  strata  has  mainly  to  be  made  out  from 
the  records  of  old  shafts,  sunk  to  obtain  the  beds  of  limestone ; 
the  Sub-Wealden  Boring  added  further  particulars,  and  there  are 
a  few  exposures  of  the  strata  along  the  banks  of  streams  and  in 
quarries. 

*  Outlines  of  Geol.  Eng.  and  Wales,  p.  14S. 

t  Trans.  Geol.  Soc,  ler.  2,  vol.  ii.  p.  44. 

X  Ann.  Phil.,  1824,  vol.  xxiv.  p.  379. 

§  Geological  Sketch  of  Hastings,  1833,  p.  50,  and  Plate  Fig.  1 ;  Trans.  Geol. 
Soc,  ser.  2,  vol.  iv.  pp.  176,  209,  216. 

II  Ibid.,  vol.  iii.  p.  215 ;  Geol.  South-east  of  England,  1833  ;  Geol.  Isle  of  Wight, 
ed.  3,  1854,  Table  p.  42. 
^  Geol.  Weald,  p.  31. 
♦♦  Geology  of  the  Weald,  pp.  80,  33,  and  45. 
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The  limestones,  as  remarked  by  Mr.  Toplcy,  occur  chiefly  on 
two  horizons ;  the  higher  series  is  termed  the  **  Greys,"  and  the 
lower  ihe  **  Blues." 

The  total  thickness  of  the  Purbeck  Beds  was  estimated  at 
about  400  feet  by  Mr.  Toplcy,  and  the  following  appear  to  be 
the  main  sub-divisions  : — 

Ft.    Ih. 
Shales,  &c.  -  -  -  -  -  -    about    30      0 

**  Greys/*  Limestones  (about  12  or  14  beds,  2  to  12  inches 
thick),  calcareous  sandstones  and  shales,  with  selenite, 
&c.  In  the  upper  part  of  the  **  Greys  "  there  are  two 
or  three  layers  of  snelly  limestone  known  as  *'  Ragged 
Bulls/*  which  pass  into  hard  calcareous  sandstone  -  50  0 
Black,  grey,  and  greenish  shales  and  clays,  with  iron- 
stone nodules,  occasional  bands  of  limestone,  and  sandy 

beds 130      0 

"  Bines,"  Limestones  (about  10  beds,  3  to  20  in.  thick), 

and  shales,  Ostrea  -  -  -  -  -    25      0 

"  Rounden  Greys,*'  Limestones  and  shales  -  -    60      0 

Shales,  with  gypsum  -----  130      0 

The  following  fossils  have  been  obtained  from  the  Purbeck 
Beds  of  Sussex,  and  moat  of  them  have  been  recorded  by  Mr. 
Topley : — 


Goniopholis. 
Megalosaurus. 
Lepidotus  Mantelli. 
Melanopis  attenuata. 

harpasformis. 

Popei. 

rugosa. 

tricarinata. 

Faludina. 
Corbula  alata. 
Cyrena  angulata. 

elongata. 

media. 

var.  glbbosa. 


membranacea. 
parva. 


Modiola. 

MytiluB  Lyelli. 

Ostrea  distorts. 

Fsammobia  tellinoides. 

XJnio. 

Insect-remains. 

Estheria  elliptica  var.  subqna- 

drata. 
Cypridea  granulosa. 

punctata. 

valdensis. 

Darwinula  leguminella. 
Chara. 

Equisetites  Lyelli. 
Mastonidium  Gopperti. 
Onychiopsis  Mantelli. 


At  Archer  Wood  according  to  the  observations  of  Mr.  C. 
Gould,  both  the  **  Greys  "  and  ** Blues"  had  been  worked,  but 
only  the  latter  to  any  considerable  extent  The  works  have  been 
abandoned  for  nearly  60  years.  Shafts  were  sunk  to  depths  of 
100  feet  and  more,  through  shales,  down  to  the  '*  Main  Blue," 
and  they  proved  that  the  '*  Greys  "  occur  only  over  'portions  of 
the  tract. 

The  road-cutting  north  of  Copyhold  Bridge  showed  paper- 
shales  with  ^^beef"  (fibrous  carbonate  of  lime),  like  beds  in  the 
upper  portions  of  the  Middle  Purbeck  Beds  of  Swanage.  Mr. 
Gould  mentions  that  the  "  Greys"  were  also  exposed  in  this  road- 
cutting. 

At  Limekiln  Wood,  the  information  obtained  by  Mr.  Gould 
showed  that  both  "  Greys  "  and  "  Blues  "  were  formerly  worked 
by  means  of  quarries  and  bell-pits.     (See  p.  321.) 
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Several  pits  had  also  been  opened  east  of  Darvel  Beach  Farm 

'*for  the   purpose  of  extracting  the   hard  calciferous  sandstone 

which  occurs  in  the  upper  part  of  the  Greys."     Two  layers  of 

thi»  rock  intercalated  with  beds  of  limestone,  were  worked.     They 

were  exposed  in  quarries  to  the  south-east,  and  west  of  Snep's 

Wood :  where  the  following  section  was  noted  when  I  visited  the 

district  in  company  with  Mr.  Topley  : — 

Ft.  In. 
Shale  and  clay,  with  bands  of  shelly  limestone  and  shale. 

Top  Rock    -  -  -  -  -  -  -      0  8 

Shale,  &o.   -  -  -  -  -  -  -    17  0 

Bottom  Eock  -  -  -  -  -  -      1  8 

The  rock-beds  consist  of  blue  gritty  limestone  or  calcareous 
sandstone  with  plant-remains.  They  are  used  for  road-metal. 
Other  limestone-beds  occurred  lower  down,  and  dark  shales  were 
exposed  by  the  stream.*  The  beds  in  Darvel  Wood  occur  beneath 
the  main  mass  of  the  ''  Blues." 

At  the  Sub-Wealden  boring  the  site  chosen  was  in  Councillor's 
Wood,  just  south-east  of  the  stream  which  divides  that  wood 
from  Limekiln  Wood,  and  north  of  Netherfield. 

The  boring  was  commenced  in  the  strata  locally  known  as  the 
**  Bastard  Blues,"  below  the  "  Main  Blue,"  which  is  the  top  bed 
of  limestone  in  the  series  of  "  Blues." 

Some  of  these  beds  are  exposed  in  the  banks  of  the  adjoining 
stream — there  as  described  by  Mr.  Topley,  "  they  (the  *  Bastard 
Blues ')  consist  of  calcareous  shales,  with  bands  of  argillaceous 
limestone  or  cement-atone,  closely  resembling  in  appearance  the 
lowest  beds  of  the  Lower  Liae." 

Limestone  with  Ostrea  is  found  south-east  of  the  present 
Gypsum-works,  and  some  of  the  beds  of  limestone  break  into 
rhomboidal  fragments  like  the  Lias  of  Aberthaw  and  other 
places.t 

The  following  detailed  account  of  the  Purbeck  strata  passed 
through  in  the  first  Sub-Wealden  boring  (Sept.  1874)  was 
drawn  up  by  Mr.  Topley : — J 


BOBING   AT  NSTHEBniXD. 


Thickness. 


Depth  rsox 
Surface. 


Shales  r 

Blue    limestone    (Spring 

here) 
Shale 

Blue  limestone 
Shale 
Limestone  - 


tapped 


Ft.    In. 
16      6 


5 
2 
4 
1 


6 
0 
0 
0 
6 


Ft.    In. 


19 
24 
26 
30 
81 


0 
0 
0 
0 
6 


*  See  also  C.  Gould,  in  Topley'f  Geol.  Weald,  p.  37. 

t  See  Memoir  on  the  Lias  of  England  and  Wales,  pp.  116,  &c. ;  also  Conybcare, 
Froe.  Geol.  Soc.,  vol.  iL  p.  172. 

X  Geol.  Weald,  p.  43.  Details  of  the  upper  part  of  the  second  boring  are  giTtn 
in  the  lOth  Quarterly  Beport  of  the  Sub-Wealden  Exploration,  1875. 
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Boring  at  Nethbrfield. 

TmCKNESS. 

Depth  moM 
Surface. 

Ft. 

In. 

Ft. 

Ik. 

f  Shale           .... 

4 

0 

36 

6 

Limestone   -            -            -            - 

3 

0 

38 

6 

Sbale  (Spring  tapped  here) 

4 

0 

42 

6 

Limestone    -            -            -            - 

4 

0 

46 

6 

Hard  bine  shale       ... 

15 

6 

62 

0 

Hard  grey  shale      -            -            - 

3 

0 

66 

0 

Hard  shale  -            -            -            - 

14 

6 

79 

6 

Purbeck   ' 

Shales  with  crystals  of  carbonate 

Beds,    -s      of  lime      -            -            -            - 

9 

0 

88 

6 

180  feet. 

Grey  shale  -           -           -            - 
Greenish    shales    with     gypseous 

13 

0 

101 

6 

veins         -            -            -            - 

20 

0 

121 

6 

Impure  gypsum      -            -            - 

8 

6 

130 

0 

Pure  white  gypsum 

4 

0 

134 

0 

Impure  gypsum      -            -            - 

5 

6 

139 

6 

Pure  white  gypsum 

3 

0 

142 

6 

Gypsum,  more  or  less  pure,  hard 

and  dark  -            -            .            - 

14 

6 

157 

0 

Black  shale  (very  sulphurous) 

3 

6 

160 

6 

Gypsum  in  nodules  and  veins 

12 

0 

172 

6 

Gypseous  marl         -            .            - 

6 

6 

179 

0 

Sandy  marl  (water  level  lowered 

here)          -            -            -            . 

0 

6 

179 

6 

I^Black  sulphureous  shale     - 

0 

6 

180 

0 

At  the  Gypsum  works  the  first  seam  (6  feet  thick)  of  gypsum  was  met 
with  at  a  depth  of  119  feet ;  below  this  25  feet  of  shales  and  laminated 
marly  beds  with  a  4  feet  seam  of  gypsum  (5  feet  down)  were  proved  ;  and 
beneath,  another  bed  of  gypsum  7  feet  thick  is  worked. 

The  beds  in  many  respects  resemble  those  of  Durlston  Bay 
near  Swanage,  although  the  pjypsum  here  occurs  in  a  more 
massive  and  persistent  form  than  it  does  in  Dorsetshire. 

In  the  Sub-Wealden  boring  Cyprides  were  found  at  various 
depths  down  to  136  feet,  including  Cypridea  gramilosa,  C. 
punctata,  and  C.  valdensis,  Estheria  elliptica  var.  subquadrata 
was  found  in  calcareous  shale  by  Mr.  J.  E.  H.  Peyton  at  a  depth 
of  86  feet.  Seed  vessels  and  stems  of  Chara  were  found  at  a 
depth  of  85  feet,  and  shale  with  Unto  at  a  depth  of  78  feet.''*" 

At  Uounden  Wood,  a  series  of  limestones  known  as  the 
"  Bounden  Greys"  has  been  worked  beneath  the  "  Blues.*'  Mr. 
Topley  mentions  that  attached  to  the  '*  Main  Blue  '*  and  extracted 
with  it  in  the  workings  is  a  band  of  oysters  known  as  the  ''  bottom 
grey. 

There  are  shallow  pits  on  the  north-east  side  of  the  wood,  where 
hard  buflF  and  grey  limestones  like  the  cap-beds  of  Portland  are 
still  to  be  seen.  In  other  portions  of  the  wood  we  find  banded 
limestones  and  beds  exhibiting  obscure  arborescent  markings,  sucU 
as  I  have  noticed  in  the  Lower  Purbeck  Beds  of  Durlston  Bay. 


*  T.  B.  Jones,  Geol.  Mag.,  187S,  p.  110 ;  and  Quart  Joam.  Qeol.  Soe.,  toI.  zli. 
p.  880 ;  Dixon's  Geol.  Sussex,  ed.  2,  pp.  158,  &c. 
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A  Bpecimen  of  a  limestone  termed  ''  cutleta,''  now  placed  in  the 
Bock-collection  at  the  Museum  of  Practical  Geology,  was  obtained 
during  the  course  of  the  Geological  Survey.  Mr.  Topley  mentions 
that  the  term  **  Cutlet "  seems  to  have  been  applied  to  any  bed 
of  inferior  limestone^  at  whatever  horizon  it  may  have  occurred.* 
An  illustration  of  this  rock  has  been  previously  given  (Fig.  104^ 
p.  232). 

Mr.  Gould  mentions  that  the  beds  above  the  Greys  were  to  be 

seen  in  Little  Poundsford  Lane,  just  south  of  the  stream,  where 

he  noted  the  following  section  : — 

Ft.    In. 
Sand  and  loam. 

Shale,  &o.  -  •  30    0  or    35      0 

r  Thin  bed  of  limestone  (Bagged  Ball  ?). 
Greys.  J  Shales,  &c,         -  -  10    0  or    15      0 

I  Limestone  (Maia  Boll  P). 

The  Greys  Beds  are  well  developed^  and  some  of  the  strata 
were  to  be  seen  in  the  banks  of  the  stream  south  of  Poundsford. 
Cyrena  occurs  abundantly  in  some  of  the  layers  of  limestone  and 
shale^  and  in  a  bed  of  calcareous  sandstone  beneath  the  ^'  Eaggeci 
Bull,"  Melanopsis,  Hybodus,  and  Keptilian  remains,  were  found 
by  Mantell,  and  later  on  by  C.  Gould.  This  bed  is  on  about 
the  same  horizon  in  the  Greys  as  the  calciferous  sandstone 
noted  near  Darvel  Beach  Farm.  The  old  quarry  described  by 
Mantell  t  is  situated  near  Poundsford  Farm.  Good  sections  of 
the  strata  are  exposed  by  the  cascades  in  Poundsford  Gill.  There 
we  find  beds  of  dark  shale  with  thick  irregular  and  interrupted 
bands  of  stone^  the  general  appearance  being  like  a  section  of 
Coal-measures.  The  *'  Greys  "  were  formerly  worked  above  the 
cascades  by  means  of  a  shaft.  Some  of  the  shales  associated  with 
the  Greys  are  described  by  Mr.  Topley  as  **  peculiar  tough,  dark 
brown  and  blackish  leathery  shales,  which  when  dry  somewhat 
resemble  stiff  brown  paper  in  character,  and  occasionally  also  in 
colour."t  They  contain  crushed  specimens  of  Cyrena.  At  a 
lower  horizon,  and  separating  the  main  mass  of  Greys  and  Blues, 
we  find  a  series  of  green,  grey,  and  black  shales  with  ironstone- 
nodules,  together  with  sandy  beds. 

Dark  grey  clays  and  shsJes  with  shelly  layers  and  occasional 
bands  of  shelly  limestone,  were  exposed  along  the  banks  of  the 
Dudwell  stream  south-west  of  Poundsford. 

From  the  beds  exhibited  in  this  neighbourhood  which  I  visited 
under  the  guidance  of  Mr.  Topley,  and  in  company  with  Mr. 
R.  H.  Tiddeman  and  Mr.  J.  E.  H.  Peyton,  we  obtained  a  few 
fossils,  as  follows  :— 


Goniopholis. 
Cardiom. 
Cyrena  media. 


Cyrena  parva  F 

Ostrea« 

Unio. 


Ostrea  dUtorta  has  been  recognized  from  Poundsford. 

♦  Geol.  Wetld,  p.  36. 

t  Geol.  Sonth-east  of  England,  pp.  219,  289,  fre. 

X  Geol.  Weald,  p.  31. 
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At  Perch  Hill,  south-east  of  Burwash  Wheel,  the  Greys  beds 
are  worked  by  means  of  a  shaft  30  or  40  feet  deep.  Here  also 
beds  of  hard  calcareous  gritty  sandstone  are  obtained.  The  rock 
is  too  hard  to  be  dressed  for  building-purposes,  and  it  is  employed, 
like  the  beds  at  Darvel  Beach  Farm,  for  road-metal.  Bivalve 
MoUusca  and  plant-remains  occur  abundantly  in  the  stone. 

The  general  characters  and  the  organic  remains  of  these  Sussex 
Purbeck  Beds  thus  accord  well  ^vith  those  of  the  Purbeck  Beds 
of  Dorsetshire  and  Wiltshire. 

Lincolnshire, 

Although  in  passing  to  the  north-east  of  the  Aylesbury  are:^ 
we  have  no  further  evidence  of  Portland  strata  in  situ  in  the 
district  under  consideration,  yet  we  find  relics  of  these  beds  in  the 
Lower  Greensaud  in  various  localities.* 

In  describing  the  Low*»r  Greensand  of  Wicken,  Potton,  and 
Brickhill,  near  Woburn,  Mr.  J.  F.  Walker,t  Mr.  J.  J.  H.  TeallJ 
and  subsequently  W.  Keeping,§  have  noted  the  occurrence  of 
many  fossils  derived  from  the  Oxford  Clay,  Corallian  Rocks,  and 
Kiineridge  Clay,  and  the  following  forms  which  belong  to  Port- 
landian  species  . — 

Ammonites  giganteus  ?  I        Cytherea  rugosa. 


Natica  elegans. 

Kcritoma  sinnosa  P 

Area. 

Astarte  caneata. 

hartwellensis. 

Cardium  dissimile. 


Lucina  portlandica. 
Myoconcha  portlandica. 
Soworbya. 
Trigonia  gibbosa. 
incurva. 


In  addition  to  these  there  have  been  recorded  from  Potton, 
JEndogenites  erosa^  and  remains  of  Iguanodon,  that  may  have  been 
derived  from  Wealden  strata ;  and  silicified  wood  has  been  found 
at  Brickhill. 

Mr.  Teall  has  remarked  that  ^'the  phosphatic  deposit  which 
has  been  identified  at  Potton,  Ampthill,  Brickhill,  and  Leighton, 
and  which  is  probably  far  more  persistent  than  was  at  first  si^ht 
supposed,  occupies  difierent  positions  in  the  different  localities. 
Thus  at  Potton  it  is  found  towards  the  top  of  the  sands,  at  Brick- 
hill and  Ampthill  at  a  much  lower  horizon,  while  at  Kushmore 
Pond,  near  Leighton,  it  rests  directly  on  the  [Oxford]  clay."|| 

There  is  thus  locally  a  considerable  mass  of  sands^  including  the 
fuller's  earth  of  Woburn,  that  is  older  than  the  Potton  nodule- 
bed  ;  and  although  the  nodule-beds  of  the  Lower  Greensand  of 
Cambridgeshire,  Bedfordshire,  and  Buckinghamshire  have  been 
compared  with  the  Folkestone  Beds,  including  the  Bargate  Stone, 

. 

*  In  a  list  of  Fossils  from  tl^e  Fenland  area  (Skertchly,  Oeol.  Fenland,  p.  317) 
a  column  is  given  tor  Portland  Beds;    but  there  is  no  evidence  to  support  the 
statement. 

t  Rep.  Brit.  Assoc,  for  1866,  Sections,  p.  67. 

X  Potton  and  Wicken  Deposits,  1875. 

§  Fossils  of  Upware,  &c.,  pp.  40,  45,  155 ;  Geol.  Mag.,  Dec.  II.,  vol.  iL  p.  378. 

II  Potton  and  Wicken  Phosphatic  Deposits,  p.  29. 
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yet  ia  the  midland  area  there  may  be  earlier  stages  of  the  Lower 
Greensand  in  the  Shotover  Iron  Sands  and  in  the  fuller's-earth 
"beds  of  Woburn,  the  precise  relations  of  which  to  other  beds  in  the 
eouih  of  England  and  in  Lincolnshire  have  yet  to  be  determined.* 

In  Yorkshire  the  researches  of  Prof.  Judd,t  followed  by  those 
of  Mr.  G.  W.  Lamplugh,t  have  shown  that  overlying  the  Upper 
Kimeridge  Clay  there  is  a  thin  "  Coprolite-bed  **  and  a  series  of 
clays  and  shales,  forming  part  of  the  Speeton  Clay,  that  yield  a 
mixture  of  Jurassic  and  Cretaceous  forms.  In  the  bed  with 
phosphatic  *'  pebbles,"  Lucina  portlandica,  ?  Area,  and  some 
other  fossils  were  found,  and  the  overlying  clays  have  yielded 
Lingula  ovalis  ?  Pecten  lens  var.  MorinU  Thraeia,  and  Avicula 
incequivalvis.  Tliere  also  occur  a  variety  of  Exogyra  sinuata, 
Ammonites  grave sianus  (Fig.  139,  p.  288),  together  with  Belemnites 
lateralis  (Fig.  140,  p.  288),  a  form  taken  to  characterize  the  zone. 

In  Lincolnshire  the  beds  have  been  studied  more  particularly 
by  Prof.  Judd,  Mr.  Henry  Keeping,  and  subsequently  by  Mr. 
Jukes-Browne  and  Mr.  Strahan.  It  should  not  be  forgotten, 
however,  that  a  very  good  account  of  the  strata  and  their  fossils 
at  Nettleton  Hill,  by  W.  H.  Dikes  and  J.  E.  Lee,  was  published 
in  1839.§ 

Mr.  Lamplugh  remarks  that  in  Lincolnshire  the  zone  of 
B.  lateralis  comprises  both  the  Spilsby  Sandstone  and  great  part 
of  the  Claxby  ironstone.  There  the  base  of  the  Spilsby  Sandstone 
is  marked  by  a  nodule-bed  which  yields  Lucina  portlandica  and 
other  fossils  noted  p.  293.  In  reference  to  the  Yorkshire  "  coprolite- 
bed,'*  Mr.  Lamplugh  remarks :  **  It  is  diflBcult  to  say  whether  the 
fossils  which  occur  in  this  seam  are  indigenous  to  it  or  have  been 
derived,"  but  he  adds,  '*  it  seems  to  me  that  this  coprolitic  band 
may  have  been  formed  during  a  period  when,  either  through  the 
increased  strength  of  the  current,  or  through  lack  of  material,  or 
from  some  other  cause,  the  deposition  of  the  clay  ceased  and 
allowed  time  for  the  heavier  nodular  matters  dropped  over  the  sea- 
bottom  to  accumulate  as  a  band."  Prof.  Blake  however  regards 
the  fossils  as  remanii.  || 

The  observations  of  M.  Serge  Nikitin,^  and  more  especially 
those  of  Prof.  A.  Pavlow,**  tend  to  show  that  our  Purbeck  and 
uppermost  Portland  Beds,  and  also  the  Spilsby  Sandstone,  may 
be  correlated  with  the  Upper  Volga  Beds  of  Eussia,  while  the 
Lower  Volga  Beds  include  the  upper  portions  of  our  Kimeridge 

*  Keeping,  Fossils  of  Upware,  &c.,  p.  47  ;  see  also  Strahan,  in  Geol.  Lincoln, 
p.  88 ;  and  Green,  Bep.  Brit.  Assoc,  for  1894,  p.  644. 

t  Quart.  Jovn.  Geol.  Soc,  vol.  xxiv.  p.  218  ;  vol.  xxvi.  p.  826. 

i  Ibid^  vol.  Xiv.  pp.  583,  608, 609  ;  Bep.  Brit.  Assoc,  for  1890,  p.  808  ;  see  also 
Sbahan,  Qeol.  Lincoln,  p.  88. 

§  Mag.  Nat.  Hist.,  ser.  2,  voL  l  p.  561. 

II  Proc.  Geol.  Assoc,  vol.  xii.  p.  140. 

%  Bull.  Soc.  Beige  de  GM.,  vol.  iii.  1889,  p.  29. 

**  Jurassique  superieur  et  Cr^tac^  inferieur  de  la  Bussie  et  de  I'Angleterre, 
Bull.  Soc.  Imp.  Nat.  Moscow,  1889 ;  and  Pavlow  and  Lamplugh,  Argiles  de  Speeton 
et  leurs  Equivalents,  Boll.  Soc.  Imp.  Nat.  Moscow,  1892. 
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Cla;,  and  a  great  part  of  our  Portland   Beds.     These   Upper 
Volga  Beds  are  thus  characterized : — 

C  Ammonites  graveBianue  (and 
Zone  of  Belemnitee  lateralis  <      graTeBiformis). 

(a.  Bubditus. 
It  is  mentioned  by  Pavlow  that  BelemniUs  lateralis  {B.  bolonitntit, 
Sauvage  and  Bigaux)  has  been  met  with  in  "  Portlandian  Beds  "  at 
Boulogne.  The  Claxby  Ironstone  which  is  said  to  contain 
Ammonites  noricus,  A.  regalis,  and  Belemnites  jaculum  in  its  upper 
part,  is  referred  partly  to  the  Neocomian ;  and  aa  it  is  also  smd  to 
yield  in  ita  lower  part  Ammonites  Blahei,  Belemnites  lateralis,  &c., 
that  portion  is  grouped  as  Jurassic. 


AmmoniteB  gravesiauuB,  d'Orb,  j. 


In  these  studies  the  horizuns  assigned  to  particular  species  of 
Ammonites  will  be  found  to  vary  to  some  extent  in  different 
parts  of  the  Continent.  The  general  sequence  is  maintained ;  but 
as  might  be  expected  the  assemblages  of  fossils  and  tlie  ranges  of 
the  individual  species  vary  in  different  areas.  The  subject  is 
unfortunately  rendered  more  complex  by  the  differences  of 
nomenclature  and  the  differences  with  regard  to  species  that 
prevail  among  polieoDtologiats. 

The  Khneridge  Clay  in  East  Lincolnshire  from  Spilsby  to  the 
neighbourhood  of  Caistor  is  directly  overlaid  by  strata  that  have 
been  regarded  as  the  lower  division  of  the  Neocomian  Series,  the 
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Lower  Sand  and  Sandstone  of  Prof.  Judd,  to  which  the  name 
Spilsby  Sandstone  has  been  applied  by  Messre.  Jukes-Browne 
and  Strahan.* 

At  the  base  of  this  division  and  resting  directly  on  the  Kimeridge 
Clay^  there  is  always  a  thin  seam  of  derived  phosphatic  nodules 
and  casts  of  fossils^  similar  to  those  of  Pot  ton  and  Sandy  in 
Bedfordshire.  The  mass  of  the  rock  above  consists  of  brown, 
white,  or  greenish-yellow  sand,  in  many  places  compacted  into 
irregular  bands  of  sandstone  or  hard  grit,  and  often  into  boulder- 
like concretions  of  hard  calcareous  sandstone.  It  contains  small 
pebbles  of  quartz,  lydian  stone,  &c.  It  attains  a  thickness  of  from 
25  to  45  feet.  There  is  evidence  of  erosion  between  the  Kimeridge 
CJay  and  Spiisby  Sandstone,  and  this  erosion  is  accompanied  by 
unconformable  overlap  as  the  beds  are  traced  northwards.  Hence 
there  appears  no  reason  to  believe  that  any  Portlandian  strata 
occur  in  situ  in  Lincolnshire.     (See  p   177.) 

The  Spilsby  Sandstone  is  exposed  over  a  considerable  tract 
bordering  the  river  Steeping,  from  Spilsby  to  Salmonby :  and 
there  are  many  quarries  where  the  stone  has  been  obtained  for 
building-purposes.  Its  thickness  is  about  40  feet,  but  at 
Skegness  26  feet.  Tlie  actual  junction  with  the  Kimeridge  Clay 
is  rarely  to  be  seen,  but  the  phosphatic  nodules  and  phosphatized 
fossils,  as  remarked  by  Mr.  Strahan,  *^may  be  picked  up  in 
almost  any  freshly-ploughed  field  or  in  the  soil  alcng  and  just 
below  the  junction."  In  such  situations  I  have  seen  them,  under 
his  guidance,  to  the  east  of  Eresby  Hall,  south  of  Spilsby,  and  to 
the  north  of  Hundleby. 

Fig.  142. 
Section  across  Hundleby  Brickyard.     (A.  J.  Jukes-Browne.) 


^|iiiiIiliijiii]ruiiiiiiiUimiMiimi"M''V'v*"'fy^^^     :•: 


c.  Claxby  Ironstone.  e.  Boulder  Clay. 

b,  Spilsby  Sandstone.  d.  Tealby  Clay. 

a.  Kimeridge  Clay. 

The  relations  of  the  Spilsby  Sandstone  with  the  overlying 
strata  were  well  shown  in  the  Hundleby  brickyard  describea  by 
Mr.  Jukes-Browne.f  He  remarks  that  above  the  Spilsby  Sand- 
stone there  is  "  a  hard  calcareo-ferruginous  rock,  full  of  brown 
oolitic  grains  like  the  Tealby  [and  Claxby]  ironstone,  and  of  a 
bluish-grey  colour  inside,  but  weathering  to  a  yellowish  brown;" 
its  thickness  was  over  14  feet.  He  adds  that  among  the  fossils 
obtained  only  one  species,  Belemnites  lateralis^  is  found  also  in 

*  Geol.  E.  Lincolnshire,  1S87,  p.  14. 
t  Ibidt  pp.  22,  141. 
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the  Spilsby  Sandstone.  The  fades  of  the  fauna,  as  I  am  informed 
by  Mr.  Lamplugh,  is  chiracterisiically  that  of  the  upper  part  of  the 
zone  of  Belemnites  lateralis  of  Speeton. 

Pecten  ductus  also  occurs  in  the  ironstone,  and  this  species  has 
been  recorded  from  the  Spilsby  Sandstone.  Pecten  orbicularis 
occurs  in  the  Sandstone,  and  this  species  and  Belemnites  lateralis 
are  also  recorded  from  the  Tealby  Clay  of  East  Keal. 

The  Spilsby  Sandstone  has  been  traced  by  Mr.  Strahan  from 
Scamblesby  and  Donnington-upon-Bain  and  Tealby  to  Audleby 
north  of  Caistor,  and  again  from  the  Barnetby  Gorse  Hills  to 
Elsham.  This  further  outcrop  may  belong  to  a  concealed  outlier, 
or  it  may  be  part  of  the  main  mass.  In  the  southern  part  of  this 
tract  the  thickness  is  estimated  at  50  feet,  at  Tealby  42,  Claxby 
30,  Nettleton  35,  Audleby  15,  and  Elsham  10  feet. 

The  Spilsby  Sandstone  is  well  shown  in  the  Benniworth  cutting 
of  the  Louth  and  Bardney  Railway,  south-west  of  Donnington* 
upon-Bain.  The  following  beds  liave  been  described  by  Mr. 
Strahan  in  whose  company  I  examined  the  sections  : — * 

Ft.   In. 
Claxby  f  Ferruginons  clay,  with  oolitic  grains  of 

Ironstone.  \     iron-oxide       -  -  -  -      3      0 

Greenish  and  brown  sand  and  sand- 
stone ;  in  places  fine  white  sand,  ce- 
mented into  a  hard  rock  here  and 
there  by  iron-oxide    -  -  -    19      0 

Pebbly  band  with  pebbles  of  quartzite, 
lydian-Btone,  &c. ;  also  JBelemnites 
lateralis,  and  fragments  of  silicified 
wood    -  -  -  -•  -      0      (5 

Hard  fermginons  sandstone,  with 
scattered  pebbles;  impressions  of 
Peeten  and  Ammonites 

seen  to  depth  of    14      0 

In  drawing  attention  to  the  irregular  cementation  of  the 
Spilsby  Sandstone^  Mr.  Strahan  has  expressed  the  opinion  that  in 
places  it  had  originally  been  a  hard  calcareous  eandstone^  and 
that  subsequently  portions  of  the  calcareous  matter  had  been 
replaced  by  carbonate  of  iron,  which  would  be  converted  into  the 
oxide  wherever  the  rock  was  exposed.  In  places  near  Donnington 
he  found  the  concretionary  structure  to  take  **the  form  of 
vertical,  oval,  or  round  cylinders  3  to  6  feet  in  diameter,  and 
4  to  5  feet  high.  The  cylinders  are  formed  of  six  or  eight 
concentric  rings,  and  stick  up  through  the  grass  like  the  stumps 
of  hollow  trees.  The  sandstone  is  pale  yellow  or  white."  Else- 
where a  kind  of  botryoidal  weathering  has  been  noticed^  and  this 
tendency  to  irregular  weathering  has  led  to  a  great  number  of 
blocks  of  the  Spilsby  Sandstone  being  incorporated  in  the  Glacial 
Drift  in  Norfolk  as  well  as  in  Lincolnsliircf 

A  boring  at  Skegness  was  carried  through  Drift  and  Cretaceous 
Beds,  &&)  to  a  depth  of  321  feet.     Then  followed  the  Spilsby 

*  Geol.  Lincoln,  p.  91 ;  see  also  H.  Keeping,  Qaart.  Journ.  Geol.  Soc,  vol.  xxzvii. 
p.  239. 
t  Geol.  Lincoln,  pp.  8S,  91-93. 


Spilsby 
Sandstone. 
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Sandstone,  26  feet,  and  Eameridge  Clay,  78  fe3t ;  the  boring 
having  been  carried  to  a  depth  of  425  feet.* 

In  addition  to  phosphatic  nodules,  the  nodule-bed  at  the  base 
of  the  Spilsby  Sandstone,  contains  phosphatized  fossils,  many  of 
them  internal  casts,  much  waterworn  and  scarcely  recognizable, 
but  some  show  a  nacreous  lustre.  The  following  have  been 
recorded : — f 


Ammonites  biplez. 

—  plicatilia. 

— ^  BpectonensiB. 

Belemnites. 

Katica. 

Plenrotomaria. 

Area. 

Astarte. 

Cardium. 

CucnllaBa. 


Oyprina. 

Isocardia  P 

Lima. 

Lucina  portlandica. 

Mjacites  or  Panopsaa. 

Feckuncnlus. 

Thracia. 

Trigonia. 

Terebratnla  ovoides. 

Waldheimia  Woodwardi. 


Some  of  these  fossils  have  been  derived  from  the  Kimeridge 
Clay ;  others,  like  Lucina  portlandica^  have  been  derived  from 
the  Portland  Beds. 

The  following  species  have  been  recorded  as  indigenous  to  the 
Spilsby  Sandstone,  many  of  the  specimens  having  been  obtained 
from  the  large  concretionary  masses  of  calcareous  sandstone : — % 


Ammonites  stenomphalns. 

plicomphalas. 

■  multiplicatus. 

of.  rotundas. 

Bubditus. 

Belemnites  lateralis. 


mssiensis. 


Flcurotomaria. 

Trocbus. 

Astarte. 

Cardium  snbbillannm. 

CucnllsBa  donningtonensie. 

errans. 


Inoceramns. 
Lima  tombeckiana. 
Lucina  crassa. 

lirata. 

Panopsea  or  Myacites. 

Pecten  cinctua  (?  Pavlow). 

Pecten  orbicularis. 

Pinna. 

Trigonia  of.  alina. 

Keeping!. 

cf .  Moretoni. 

■  robinaldina. 
<*-*  tealbiensis. 


Mr.  G.  Sharman,  who  identified  the  species  collected  by  the 
Geological  Survey,  gays :  "  Judging  from  the  Survey  specimens 
alone,  there  is  a  preponderance  of  Oolitic  forms,  but  Mr.  Keeping 
gives  a  greater  proportion  of  Neocomian  forms.  The  strati* 
graphical  evidence,  it  seems,  points  to  these  beds  as  being  of 
Lower  Neocomian  age,  but  the  fossils  they  have  yielded  form  a 
very  distinct  group  with  strong  Oolitic  affinities.  It  is  tolerably 
evident,  therefore,  that  these  ^  Calcareous  concretions '  occupy  a 
lower  horizon  than  any  Neocomian  beds  hitherto  described,  and  in 
eo  far  as  Palaeontological  evidence  goes,  seem  to  occupy  an  inter- 
mediate position  between  the  Lowest  Neocomian  and  the  upper- 


*  Strahan,  Geol.  East  LincolnBhire,  p.  169 ;  and  Jukes-Brownt,  Quart.  Joom. 
Geol.  Soc,  Yol.  xlix.  p.  472. 

t  Greol.  £.  Lincolnshire,  p.  139;  Geol.  Lincoln,  p.  93. 

X  W.  Keeping,  Fossils  of  Upware  and  Brickhill,  p.  64  ;  H.  Ka^og,  Qoart. 
Joam.  Geol.  Soc,  vol.  xxxyiii.  p.  241 ;  Jukes-Browne,  Geol«  E.  Lincolnshire,  pp. 
140,  141  ;  A.  Strahan,  Geol.  Lincoln,  p.  102;  and  A.  PstIow,  Bull.  Soc.  Imp.  Nat 
Moscow,  1891,  p.  159. 
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most  Oolites."*  Prof.  A.  Pavlow  has  since  published  some 
remarks  on  the  species  that  have  been  recorded  from  Spilsbj. 
That  given  by  W.  Keeping  as  Amm.  Kanigi  he  believes  to  be 
A.  siibditus,  Trautsch.  The  evidence  on  the  whole  tends  to  justify 
the  grouping  of  the  Spilsby  Sandstone  as  a  marine  equivalent  ot 
the  Purbeck  Beds. 

The  Claxby  Ironstone  is  described  by  Mr.  Strahan  as  *'  a 
yellow  ferruginous  clay  packed  with  minute  spherical  oolitic  grains 
of  iron-oxide,  and  very  fossiliferous.  It  rests  with  a  generally 
sharp  base  on  the  Spilsby  Sandstone^  but  passes  quite  gradually 

up  into  the  less  ferruginous  mass  of  the  Tealby  Clay 

The  grains  are  almost  perfectly  spherical^  polished,  and  about  the 
size  of  millet  seed.  They  are  made  up  of  alternating  concentric 
layers  of  clear  silica  and  opaque  hydrated  pesquioxide  of  iron.''t 
The  grains  are  sometimes  cemented  by  a  calcareous  sandy  matrix  ; 
and  in  this  form  the  bed  has  been  worked  as  an  iron-ore. 
According  to  Prof.  Judd^  the  iron-ore  may  have  been  known  to 
the  Romans,  as  slag  has  been  found  in  association  with  Roman 
pottery,  near  Claxby. 

This  bed  is  represented  at  Hundleby,  and  is  well  shown  at 
Donnington-upon-Bain^  both  in  the  Benniworth  railway-cutting 
and  in  a  pit  west  of  Donnington  railway-station.  At  the  Acre 
House  Mine  its  thickness  was  13  or  14  feet  as  noted  by  Pro£ 
Judd.  It  thins  out  to  the  north  and  disappears  **  a  short  distance 
beyond  Caistor."J  It  has  been  proved  to  the  south-east  in 
the  borings  at  Willoughby^  near  Alford,  and  at  Skegness. 

The  fossils  from  the  Claxby  Ironstone  show  an  admixture  of 
forms  recognized  as  Neocomian  or  Lower  Cretaceous  and  Jurassic, 
but  that  any  distinction  can  be  made  in  the  bed  itself  seems 
utterly  impossible,  though  the  attempt  has  been  made  to  separate 
some  of  the  zonal  fossils  by  Prof.  Pavlow.  The  majority  of 
the  species  are  distinctly  Neocomian  (or  Lower  Cretaceous)  in 
character. 


List  of  Fossils  from  the  Claxby  Ironstone. 


0  Ammonites  Beani  (lower  bed). 

0  Blakei  (lower  bed). 

X  ®  noricus      (apper     bod), 

Pavlow. 

X  nntfieldensis. 

0  regalis  (upper  bed). 

X plicomphalus. 


0  BelemDite6       ezplanatoides 

(upper  bed). 
0  —  laculum  (upper  bed). 

X  X  lateralis. 

X  quadratus. 

©  russiensis  (lower  bed.) 

X  Emarginula. 


X  Geol.  Survey :  Geol.  North  Lincolnshire,  pp.  108,  109 ;  Geol.  East  Lincoln- 
shire, p.  141. 
{  H.  Keeping,  Quart  Joum.  G«ol.  Soc,  vol.  xxxriii.  p.  241. 
0  Authority  of  A.  Pavlow  and  G.  W.  Lamplngh,  Argiles  de  Speeton,  1892. 

*  Geol.  East  Lincolnshire,  p.  141 ;  Etudes  sur  les  couches  Jurassiques  et  Cr^taofes 
de  la  BwBie,  I.,  Bull.  Soc.  Imp.  Xat.  Moscow,  1889. 

t  Geology  of  Lincoln,  pp.  94,  95  ;  see  also  Judd,  Quart.  Joum.  Geol.  Soc,  voL 
zxvi.  p.  329. 

X  Fox-Strangways,  Geol.  N.  Lincolnshire,  p.  108. 
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NeritopAis. 

Fileopsis  neooomiensifi. 

Flenrotomaria  neocomiensis. 

TrocLns. 

Turbo. 

Area  Baolini. 

Astarte  robusta. 

Avicula  macroptera. 

CucallsBa  f^bnelis. 

Oyprina. 

Exogjra  conica. 

sinuata. 

tombeckiana. 

Lima. 

Luoina. 

Modiola. 

Myacit€S. 

Ostrea  frons  var.  macroptera. 

FanopsBa. 

Fecten  cinotus. 

orbicularis. 

striato-pnnctatns. 

Fholadomya  Martini. 

Fholas. 

Sphsera. 


i 


Sowerbya. 

Trigonia  ingens. 

X  nodosa. 

"^  Bhynchonella  lineolata  P 

maltiformis. 

speetoneneis. 

Walkeri. 


Terebratnla    depressa 
cyrta. 

prffilonga. 

sella. 

Waldheimia  faba. 

X  hippopuB. 

X var.  tealbjensis. 

X  Juddi. 

X  X tamarindus. 

t Walkeri. 

X  Serpula  antiqnata. 

X  filiformis. 

X  gordialis. 

X lophoides. 

X  plexus. 

X  Yermicularia. 
X  Nucleolites. 


var. 


X  Geol.  Survey  :  Geol.  North  Lincolnshire,  pp.  108,  109  ;  Geol.  East  Lincoln- 
shire, p.  141. 
X  H.  Keeping,  Qoart.  Joum.  Geol.  Soc.,yo1.  xxxviii.  p.  241. 
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CHAPTER  XV- 

GEOLOGICAL  STRUCTURE,  SCENERY,  AND 

AGRICULTURE. 

General  Structure  of  the  Jurassic  Area, 

The  physical  features  of  the  country  occupied... by  the  Middle 
and  Upper  Oolitic  rooks  are  very  much  modified  by  the. irregular 
overlaps  of  the  Lower  and  Upper  Cretaceous  strata.  The  main 
mass  of  these  newer  formations  now  and  a;:;ain  entirely  jcoBCeals 
these  Oolitic  rocks  or  atretches  across  their  outcrops  in.  irregular 
spurs  with  occasional  outliers. 

We  have  evidence  that  prior  to  these  overlaps,  the  Jurassic  rocks 
were  in  many  places  folded  and  faulted,  and .  over  wide  areas 
denuded.  The  evidence  of  great  i  folding  is  shQWAiwhen.we-drj^w 
sections  to  show  the  nnderground  structure  from  Battle  to  Chatham 
(Fig.  144,  p.  298)  or  from  Faringdon  to  Dover  (Fig.  145,  p.  299). 
Though  diagrammatic,  these  sections  are  based  on  deep  borings 
and  therefore  show  the  general  structure.  Evidence  of  folding 
and  faulting  prior  to  the  overiap  is  shown  in  the  country  Bear 
Beaminster  and  Weymouth,  and  again  near  Sherborne.  Owing 
to  these  disturbances  it  is  difficult  to  depict  the  underground 
geology  beneath  the  Chalk  Downs  of  Dorchester,  although  the 
evidence  obtained  in  making  the  railway  at  Ridgeway  showed  the 
remarkable  double  system  of  faulting  to  which  attention  has  been 
directed.  (See  Fig.  132,  p.  260.)  The  faults  and  disturbances  in 
this  southern  part  of  Dorset  have  since  been  worked  out  in  detail 
by  Mr.  Stnihan,  who  has  found  evidence  of  pre-Cretaceous  fold- 
ing along  the  line  of  the  Weymouth  anticline,  which  is  rucked  up 
from  south  to  north.* 

In  the  Vale  of  Wardour  the  Upper  Cretaceous  strata  are  seen 
to  extend  across  the  Wealden,  Purbeck,  and  Portland  Beds  on  to 
the  Kimeridge  Clay,  and  there  is  evidence  of  pre-(^retaceous  dis- 
turbance in  the  gentle  anticline  of  the  Chilmark  ravine,  rucked 
up  from  east  to  west 

The  general  easterly  or  south-easterly  dip  of  the  Jurassic  strata 
is  thus  locally  modified  by  flexures  of  considerable  importance, 
especially  when  we  consider  the  underground  structure  in  the 
south-east  of  England.  At  present,  however,  we  know  nothing 
of  the  extent  of  the  strata  beneath  the  Cretaceous  rocks  of 
Hampshire. 

The  evidence  shows  that  during  or  prior  to  the  accumulation  of 
the  Lower  Greensand,  the  Jurassic  rocks  and  even  the  Wealden 
Strata  in  the  west  of  England  were  subjected  to  wide  denudation  ; 
and  that  afterwards  during  the  Upper  Cretaceous  period  a  still 

*  Six-inch  maps  of  the  Dorset  area,  geologically  coloured  hy  Mr.  Strahan,  are 
monnted  as  a  wall-map  in  the  Maseam  of  Practical  Geology  :  See  also  his  paper  in 
Quart.  Joam.  Geol.  Soc,  vol.  li.,  p.  549. 
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more  extensive  plain  of  denudation  waa  formed.  The  Lower 
Greensand  was  then  partially  removed,  while  the  Gault  and  Upper 
Greensand^  and  the  Chalk  doubtless  spread  across  the  entire 
Jurassic  area^  and  far  beyond  ;  and  in  due  course  the  slightly 
tilted  Oolites  were  further  planed  off — so  that  in  the  south  of 
England  these  Upper  Cretaceous  rocks  stretch  across  the  denuded 
outcrops  of  all  the  members  of  the  Jurassic  and  New  Red  Series 
on  to  the  borders  of  the  PalsBozoic  regions  of  Devonshire.  The 
present  features  have  thus  resulted  after  a  series  of  disturbances 
and  great  denudations. 

In  areas  where  the  Cretaceous  rocks  have  been  removed,  the 
ages  of  the  faalting  and  disturbance  cannot  be  fixed,  but  attention 
has  been  drawn  to  the  subject  by  Prof.  Judd  in  his  remarks  on 
the  Jurassic  rocks  of  Northamptonshire  and  Rutlandshire.* 

Escarpments  and  Outliers.  - 

Reference  has  been  made  to  the  varying  character  of  the 
escarpments,  and  to  the  varying  elevations  attained  by  different 
formations. t  In  some  area3  we  have  a  succession  of  escarpments, 
separated  by  vales,  as  in  passing  westwards  from  Dinton  to 
Crewkeme,  or  from  Swindon  to  Bath.  In  other  areas  several 
escarpments  may  be  locally  concentrated  as  it.  were,  as  near 
Bath  and  Minchinhampton,  where  the  summits  ■  are  formed  of 
Great  Oolite  and  the  vales  of  Lower  Lias. 

Of  all  the  present  escarpments  there  seems  to  be  little  doubt 
that  the  Chalk  escarpment  was  the  first  formed,  for  although  the 
previous  plun  of  marine  denudation  was  by  no  meaas  m  strlctlv 
level  tract,  yet  there  were  no  decided  escarpments  io  the  Liassic 
and  Oolitic  rocks  formed  or  retained  previous  to  the  jieposition  of 
the  Chalk.|  The  present  relative  nearness  or  distance  of  the 
successive  scarps  oE  the  Jurassic  rocks,'  has  resulted  from  the  way 
in  which  the  beds  were  locally  tilted,  and  abraded  in  the  formation 
of  the  pre-Cretaceous  plain. 

How  far  the  Tertiary  plains  of  marine  denudation  may  have 
extended,  there  is  no  evidence  to  say,  though  it  seemi»  likely  that 
in  Eocene  and  Pliocene  times  much  of  the  Chalk  was  removed 
by  marine  action,  while  during  the  intervening  Miocene  period 
great  subaerial  denudation  must  have  taken  place. 

From  the  elevated  region  of  Lower  Oolites  in  the  c:>untry 
between  Daventry  and  Naseby  there  flow  in  diverse  directions 
some  of  the  chief  rivers  that  intersect  the  Jurassic  rocks — the 
Warwickshire  Avon  that  runs  into  the  Severn  Valley ;  the  Nene, 
the  Welland,  and  the  Great  Ouse  that  flow  into  the  Wash  ;  and 
the  Cherwell,  one  of  tho  tributaries  of  the  Thames.  As  Prof. 
Judd  has  pointed   out,  the    confluence   of   a  pumber   of    very 

*  Geol.  RutUmd,  ]>p.  176, 177,  255,  259.  Sec  also  Hull,  Qaart  Journ.  Geol. 
Soc,  vol.  xi.  p.  480. 

t  Memoir  on  the  Lower  Oolitic  Bocks  of  England,  p.  459 ;  See  also  Judd,  Geol. 
Butland,  p.  264. 

X  H.  B.  W.,  Geol.  East  Somerset,  &c.  1876,  p.  201. 
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considerable  rivers,  namely,  the  Witham,  Welland,  Nene,  and  Great 
Ouse,  wliich,  with  their  tributaries,  drain  a  very  large  extent  of 
country/ bos  effected  a  breach  in  the  great  mass  of  Chalk  strata, 
and  thus  the  sea  has  been  able  to  find  admission  to,  and  to  operate 
on,  the  soft  clays  of  the  Middle  and  Upper  Oolites.  WhUe  the 
luurder  Chalk  rocks  have  been  cut  back  over  a  breadth  of  only 
20  miles,  at  the  mouth  of  the  Wash,  the  soft  clays  over  the  area 
known  as  the  Fenland  or  Bedford  level,  have  been  overspread  by 
the  sea  for  a  far  greater  distance.* 

^The  Cotteswold  Hills  may  be  described  as  a  land  of  combes,  as 
t^fiffed  by  the  names  of  villages.  In  seeking  to  account  for 
some  of  the  dry  valleys,  E.  Witchell  pointed  out  that  formerly 
the*  Fuller's  Earth  extended  further  westward,  that  the  springs 
then  thrown  off  from  it  would  have  helped  to  excavate  the  valleys, 
and  as  the  Fuller's  Earth  was  denuded,  the  combes  became  dry.f 
Certain  valleys  may  have  been  started  in  this  way  ;  but  a  more 
probable  explanation  seems  to  be  that  of  denudation  on  frozen 
surfaces,  in  the  manner  suggested  by  Mr.  Clement.  Reid  to  account 
for  some  of  the  dry  valleys  on  the  South  Downs.  There  the  result 
has  been  to  form  the  Coombe  Rock,  a  gravelly  deposit  made  up 
of  chalk  and  flint.  In  the  Cotteswold  area,  we  have  the  Oolitic 
rubble,  to  which  attention  was  previously  directed.^ 

The  main  featiu'es  of  all  our  escarpments  were  formed  prior  to 
the  Glacial  period,  as  shown  by  the  fact  that  Boulder  Clay  and 
other  Glacial  Drifts  occur  both  on  the  uplands  and  in  the  vales  in 
the  area  from  Buckinghamshire  to  Lincolnshire.  At  the  same  time, 
as  Prbfessor  Judd  has  pointed  out,  in  reference  to  Rutlan(&hire 
and  Northamptonshire,  many  of  the  minor  vallejrB  on  the  plateaus 
and  some  in  the  lower  grounds  have  been  formed  in  Post-Glacial 
times  ;§  and  Mr.  Jukes-Browne  is  cf  opinion  that  the  Steeping 
valley  in  Lincolnshire  is  for  the  most  part  of  similarly  recent 

age.  II  ^ 

Various  outliers  have  been  left  as  monuments  of  the  former 
extent  of  the  strata.  In  few  cases,  however,  are  these  at  a  great 
distance  from  the  main  mass  of  the  formations.  The  exceptions 
being  with  those  Liassic  outliers  in  Shropshire  and  Cumberland, 
and  these  owe  their  preservation  to  causes  unconnected  with  the 
particular  formation  of  the  main  escarpments. 

The  general  inclination  of  the  strata  towards  the  east  and  south- 
east, even  if  we  estimate  a  dip  of  1  degree  or  1  in  57,  would  in 
most  cases  have  carried  the  original  formations  above  the  present 
elevations  of  the  land,  and  consequently  the  outliers  that  do  occur 
are  not  far  removed  from  the  escarpments.  The  outlier  of  Inferior 
Oolite  which  gives  rise  to  Bredon  Hill  has  been  presej*ved  by 
means  of  a  fault  that  lowered  the  level  of  the  strata. 
»  —  » 

*  Jodd.  Geology  of  Rutland,  p.  262. 

t  Proc.  Cotteswold  Club,  vol.  iv.  p.  214w 

X  Memoir  on  the  Lower  Oolitic  Bocks  of  England,  p.  462. 

§  Gcol.  Rutland,  pp.  262,  268. 

II  Geol.  Bast  Lincolnshire,  p.  US. 
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In  the  vale  below  the  Cliff  of  Lincoln  the  absence  of  outliers 
is  noteworthy;  and  it  is  by  no  means  improbable  that  some  may 
have  been  removed  by  ice-action  during  the  Glacial  period.  To 
such  destruction  indeed  we  may  attribute  the  large  masses  of 
Marlfltone  and  Lincolnshire  Oolite  that  have  sometimes  been  found 
incorporated  in  the  Boulder  Clay.     (See  Map.) 

Brent  Knoll  that  lies  to  the  south-west  of  the  Mendip  range 
probably  owes  its  origin  in  part  to  subaerial  and  in  part  to 
estuarine  agencies. 

Knolls  like  Brent  Knoll  and  Glastonbury  Tor  are  met  with  in 
many  other  parts  of  the  south-west  and  west  of  England,  but 
nowhere  else  are  they  so  conspicuous,  from  the  fact  that  at  these 
localities  they  are  further  removed  from  the  main  mass  of  Oolites 
in  the  escarpment.  Near  Bridport  many  other  outliers  of  the 
Sand  and  Inferior  Oolite  are  met  with.  Further  north  again 
similar  Knolls  occur  near  Montacute  and  other  places  between 
Ilminster  and  Castle  Cary.  Those  near  South  Cadbury  indicate 
how  the  severance  of  outliers  from  the  main  mass  may  take  place. 
Subterranean  drainage  and  erosion  in  the  first  instance  may 
lead  to  the  formation  of  underground  channels  in  the  impervious 
Lias  Clays  beneath  the  porous  Midford  Sands  and  the  limestones 
of  the  Inferior  Oolite.  The  limestones  themselves  may  be  in 
part  wasted  by  chemical  dissolution,  and  if  channels  are  formed 
in  subjacent  strata,  slight  subsidences  must  take  place  here  and 
there,  and  pave  the  way  for  the  disconnection  of  portions  of 
the  main  limestones  to  form  outliers.  The  subsequent  more 
complete  isolation  of  the  severed  masses  is  duo  to  the  superficial 
and  subterranean  denudation  by  rain  and  streams.  Thus  in  the 
case  of  Brent  Knoll,  as  well  as  in  that  of  Glastonbury  Tor  (to 
some  extent),  the  influence  of  the  estuarine  waters  that  once 
spread  over  the  Somersetshire  levels  must  have  helped  to  com- 
plete the  denudation.  The  preservation  of  both  Brent  Knoll  and 
Glastonbury  Tor,  however,  appears  to  be  due  to  the  basin-shaped 
arrangement  of  the  strata,  and  this,  although  slight,  has  exercised 
some  influence  on  the  agents  of  subaerial  denudation.* 

It  has  been  observed  that  the  Kimeridge,  Oxford,  Lias,  and 
other  clays  present,  when  their  surface  is  exposed,  a  '*  corrugated 
character,''  and  '^  the  cutting  through  one  of  these  subterranean 
stanks  or  ridges  will  often  lay  a  large  tract  immediately  dry. 
This  was  the  case  in  the  City  of  Oxford,  when  a  system  of  deep 
sewer-drainage  was  attempted,  by  which  tho  house-wells  were 
laid  dry  through  a  considerable  district,  till  the  stank  of  clay  cut 
through  was  restored  by  artificial  means,  when  the  water  was 
restored  also."!  C.  Moore  observed  similar  deep  furrows  at  Bath 
on  the  surface  of  the  stiff  Lias  Clays  where  the  gravels  rest  upon 
them4  These  features  appear  to  me  to  be  due  to  subterranean 
erosion. 

*  H.  B.  W.,  Proc.  Bath  Nat.  Hist.  Club,  vol.  vi.  p.  126. 

t  Rev.  J.  C.  Clutterbuek,  Journ.  Boy.  Agrio.  Soc.,  ser.  2,  vol  i.  p.  277  ;   Rep. 
Brit.  Assoc,  for  1860,  p.  75. 
t  Proc.  Bath  Nat.  Hist,  and  Aotiq.  Field  Club,  vol.  H.  p.  87. 
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Landslips. 

Landslips  have  occurred  here  and  there  on  the  borders  of  the  CoralliaD 
and  Portland  escarpments,  but  as  a  rule  they  are  not  of  great  extent,  nor 
BO  important  as  those  that  have  affected  the  Lias  and  Lower  Oolites. 

At  Hermitage,  in  the  Yale  of  Blaokmore,  a  landslip  of  Corallian  rocks 
over  Oxford  Clay  occurred  in  1685.  Near  Glaxby,  west  of  Normanby-on- 
the-Wolds,  in  Lincolnshire,  landslips  have  taken  place,  owing  to  the 
superincumbent  strata  slippins  over  the  Kimeridgo  Clay. 

On  Portland  isle  many  landslips  have  occurred  from  time  to  time,  and 
there  the  natural  fissures  in  tne  Portland  Stone  have  facilitated  the 
breaking  away  of  great  masses  of  strata  over  the  slippery  foundation  of 
Kimeridge  Clay.* 

Over  the  same  Clay  considerable  founders  have  taken  place  of  Portland 
Beds  at  St.  Alban's  Head,  and  of  Cretaceous  rocks  at  White  Nore. 

Coast  Scenery. 

So  far  as  the  coast  scenery  is  concerned,  the  features  of  the 
Jurassic  rocks  are  much  modified  by  the  coverings  of  Cretaceous 
strata,  excepling  as  regards  the  lower  beds  of  Lias  in  Glamorgan- 
shire, and  those  of  Watchet  on  the  Somerset  coast,  where  we  can 
well  study  the  formation  on  a  small  scale  of  a  plain  of  marine 
denudation. 

East  of  Burton  Bradstock  the  coast  onwards  to  Portland  Bill 
is  protected  by  the  great  Chesil  Beach.t 

Along  the  coast  east  of  Ringstead  Bay  the  sea  has  worn  back 
the  hard  Portland  rocks  that  formerly  stood  out  in  cliffs  like  those 
of  Gad  Cliff  and  St.  Alban's  Head.  It  has  breached  the  narrow 
fringe  of  these  rocks  and  hollowed  out  the  bays  of  Lulworth  Cove 
and  Wor barrow  in  the  soft  P^rbeck  and  Weal  den  strata.  At 
Stair  Hole  it  has  made  its  entry  through  enlarged  fissures,  which 
have  been  widened  into  arches,  and  produced  a  sea-loch  not  unlike 
the  *^  BuUer  of  Buchan  "  figured  by  Sir  Arcliibald  Geikie.J 

Kimeridge  Bay  has  been  formed  by  the  enlargement  of  an  inlet 
eroded  originally  by  stream?.  An  anticlinal  arrangement  of  the 
beds  is  here  apparent,  and  this  structure  may  have  influenced  the 
agents  of  subaerial  denudation,  to  which  the  lateral  valleys  were 
duo.  The  cliffs  that  slope  inland  were  no  doubt  protected  by 
cappings  of  Portland  Beds,  now  removed  by  the  encroachment  of 
the  sea.  The  base  of  the  cliffs  is  strengthened  by  layers  of  cement- 
stones  which  form  the  well-known  Kimeridge  ledges ;  in  fact,  the 
irregularities  along  the  coast-line  of  the  Kimeridge  Clay  are  due  to 
ledges  formed  by  these  cement-stones,  which  serve  to  arrest 
marine  denudation. 

Scenery  of  the  Middle  and  Upper  Oolites, 

The  country  occupied  by  the  Middle  and  Upper  Oolites  con- 
sists in  great  part  of  low  lands.     In  the  south-west  of  England  as 

*  Conybeare  and  Dawson,  Memoir  on  Landslips ;  Fitton,  Trans.  Geol.  Soc, 
ser.  2,  vol.  !▼.  p.  218;  and  O.  Fisher,  Qeol<^t,  vol.  vi.  p.  S50. 

t  See  Reports  on  Coast  Erosion,  Rep.  Brit  Assoc,  for  1885,  pp.  422-437,  and 
1888,  p.  900. 

t  Class-Book  of  Geology,  1891,  p.  71. 
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far  as  Oxford,  the  rocks  extend  in  two  vales  separated  by  the  low 
escarpment  of  the  CoraUian  Rocks — the  continuity  being  obscured 
only  by  the  Cretaceous  rocks  of  the  Dorsetshire  and  Wiltshire 
Downs. 

In  the  Oxford  Clay,  in  addition  to  the  minor  vales  near 
Weymouth,  we  have  Vale  of  Blackmore  in  Dorset,  the  valley  of 
the  Upper  Thames,  Otmoor  above  Oxford,  and  the  Vale  of 
Bicester. 

The  Corallian  escarpment  is  shown  between  Weymouth  and 
Abbotsbury  on  either  side  of  the  Weymouth  anticline.  Norih- 
wards  it  is  fairly  well-marked  throughout  its  course,  though 
interrupted  near  Penzlewood  and  again  near  Devizes  and  Calne. 
It  never  attains  any  very  great  elevati(m,  perhaps  the  outlier  of 
Wy  thani  Hill,  583  feet,  is  the  highest  point  on  the  Corallian  rocks, 
south  of  Yorkshire. 

The  Kiraeridge  Clay  is  well  shown  in  the  Vale  of  Kimeridge 
and  in  portions  of  the  area  between  Osmington  and  Abbotsbury. 
Northwards  it  forms  the  Vale  of  Shaftesbury  extendincj  partly 
into  the  Vale  of  Wardour ;  and  further  on  in  conjunction 
with  the.Gault  forms  the  vales  north  of  Westbury  in  Wiltshire, 
and  near  Swindon,  the  Vale  of  White  Horse*  that  lies  between 
Faringdon,  Abingdon,  and  Wantage,  and  part  of  the  Vale  of 
Aylesbury.  Many  of  these  vales,  like  those  in  the  Lias  of  the 
midland  counties,  form  well-known  fox-hunting  districts. 

Further  north  the  Oxford  Clay  and  Kimeridge  Clay  are  parted 
chiefly  by  days  of  Corallian  age,  covered  in  places  with  accu- 
mulations of  Drift.  So  that  we  have  a  wide  tract  of  low  land 
extending  from  Winslow  and  Stewkley  through  Bedfordshire  and 
Cambridgeshire  to  the  Fenland. 

Northwards  from  Bourn  through  great  part  of  Lincolnshire  by 
Horncastle  and  Market  Rasen,  beneath  the  Lincolnshire  Wolds 
and  the  more  diversified  tracts  of  Spilsby  Sandstone,  there  extends 
a  vale  formed  of  the  same  series  of  clay  formations. 

Over  parts  of  the  area  extensive  tracts  of  woodland  formerly 
existed.  Thus  Gillingham  Forest,  which  included  the  White  Hart 
Forest  of  the  Vale  of  Blackmore,  extended  in  Leiand's  lime  as  far 
south  as  Yeovil,  and  northwards  joined  the  Forest  of  Selwood, 
which  extended  from  near  Wincanton  over  the  Qreensand  heights 
of  Penzlewood  (Pen  Selwood),  and  along  the  vale  to  Frome. 

In  North  Wilts  there  was  the  Forest  of  Bradon  or  Braydon, 
known  also  as  Orwaldes  Wood,  which  was  disafforested  in  the 
reign  of  Charles  I.,  and  which  extended  over  the  vale  from  near 
Melksham  and  Chippenham  to  Malmesbury,  Purton,  Minety, 
Cricklade,  and  Wootton  Bassett.  Bern w ode,  or  Brentwood,  near 
Brill,  Whaddon  Chase  north-east  of  Winslow,  and  St  Ives 
Heath,t  were  other  noteworthy  tracts  of  woodland. 

The  Portland  Beds  form  a  pleasant  escarpment  around  the 
vale  of  Kimeridge   Clay   in  the  Isle  of  Purbeck.     Encombe, 

*  From  the  White  Hone  cat  in  the  Chalk  soath  of  Uffington. 
t  J.  K.  Watts,  Bep.  Brit.  Assoc,  for  1859,  p.  S8. 
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known  as  the  Golden  Bowl,  owes  its  shape  to  subaerial  denudation 
effected  in  part  by  landslips,  which  have  given  an  amphitheatre- 
like  form.*  It  is  remarkable,  however^  that  but  little  detritus  of 
Portland  Beds  occurs  over  the  area,  except  along  the  deeper 
ravines,  as  in  Benscombe.  The  Portland  Beds  form  steep  slopes 
bordering  the  vales  of  Kimeridge  Clay  as  near  Port'isham,  and 
again  in  the  Vale  of  Wardour. 

Superficial  Accumulations  and  Drift 

No  superficial  accumulations  of  any  extent  are  found  over  the 
Middle  and  Upper  Oolites  in  the  country  to  the  south-west  of 
Aylesbury  and  Buckingham. 

Occasional  valley-drifts  are  found  as  at  Radipole,  near  Wey- 
mouth, whence  the  Mammoth  has  been  obtained.  Gravels 
formed  largely  of  limestone  debris  are  met  with  here  and  there 
in  the  vales  of  Dorsetshire ;  in  the  Avon  Valley  near  Trowbridge^ 
near  Melksham^  and  again  in  the  country  from  Cliippenham  north- 
eastwards^ by  Tytheiton^  Christian  Malford^  Dauntsey,  and 
Somerford,.and  more  particularly  in  the  Upper  Thames  Valley, 
near  Cricklade,  and  Lechlade. 

To  the  north-east  of  Aylesbury  and  Bicester  the  country  is 
kiigely  covered  with  Boulder  Clay  and  Glacial  gravels. 

The  clay-coantry  includes  much  permanent  pasture  and 
meadow  land,  although  the  value  for  dairy  and  giazinff-purpoees 
varies  considerably  in  different  areas.  Com  and  d^euqs  are 
cultivated  in  places ;  and  as  a  rule  the  land  is  divided  by  good 
hedgerows.  Some  of  the  richest  grazing  and  dairy  lands  in  the 
vales  are  those  areas  where,  as  in  North  Wiltshire,  the  Oxford 
Clay  is  covered  with  gravel,  or  the  Kimeridge  Clay  is  lightened 
by  the  downwash  of  material  from  the  Greensand;  while  the 
Vale  of  Aylesbury,  said  to  be  the  richest  meadow  and  pasture- 
land  in  England,  and  dividing  its  honours  between  the  Gault  and 
Kimeridge  Clay,  yet  owes  much  to  material  derived  from  the 
waste  of  Upper  Greensand  and  Portland  Beds,  as  well  as  to 
coverings  of  rich  vegetable  mould  and  scattered  accumulations  of 
Drift. 

The  North- Wiltshire  cheese  is  made  on  the  dairy-lands  chiefly 
of  Kimeridge  but  also  of  Oxford  Clay.  Near  Cambridge  the 
Cottenham  cheese  is  a  product  of  the  clay-land  pastures.  Stilton 
cheese,  most  largely  made  in  Leicestershire,  took  its  name  from 
Stilton,  on  the  Oxford  Clay,  in  Huntingdonshire — cheeses  being 
formerly  sold  to  passengers  who  travelled  that  way  by  coach. 

Soils. 

Oxford  Clay, 

The  area  occupied  by  Oxford  Clay  is,  much  of  it,  gently  undu- 
lating ground ;  and  here  and  there  we  find  a  low  escarpment,  above 

*  See  Buckland  and  De  la  Beche,  Trans.  Geol.  Soc.,  ser.  2,  voL  iv.  p.  S4. 
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the  Oombrash,  where  the  sandy  strata  of  the  Kellaways  Beds  are 
developed.  A  good  deal  of  the  ground^  however,  is  very  low- 
lying  and  almost  Alluvial  in  aspect ;  the  soil  is  a  stiff  and  heavy 
clay,*  and  the  slopes  are  damp  and  rushy  in  places.  The  clay- 
flats  near  Oxford,  including  the  district  of  Otmoor,  are  often 
much  flooded  in  the  autumn  and  winter.  The  hedgerows,  as  a 
rule,  are  well-timbered,  with  oak  and  elm,  ash,  willow,' and  poplar. 

The  schI  in  general  is  considered  expensive  to  cultivate  ;  it  is 
improved  by  lime-manure,  and  much  draining  is  required.  In 
dry  weather  the  cracks  and  fissures  formed  in  the  ground  extend  to 
some  depth,  as  I  noticed  near  Witham  Friary  in  1885.t 

The  country  is  thinly  popolated,  and  there  are  many  green 
lanes  in  Dorsetshire  and  Wiltshira 

Through  Buckinghamshire,  Bedfordshire,  Huntingdonshire^  and 
further  north,  the  Oxford  Clay  is  largely  covered  with  Boulder 
Clay,  &a,  so  that  the  soils  are  not  so  largely  influeBced  by  it,  and 
there  is  more  land  under  the  plough.  The  features  are  thus 
partly  due  to  the  Drift,  as  at  Alconbury  and  Kimbolton  Hilk. 
Numerous  spinneys  or  thorn  woods  occur  in  this  region  of 
Huntingdonshire. 

Prof.  Judd  remarks  that  the  Oxfordian  strata  constitute  a  band 
of  country,  in  the  western  part  of  the  Fenland,  which  rises  into 
numerous  swelling  hills,  usually  of  no  great  elevation.  The  land 
is  in  the  main  devoted  to  grazing  purposes,  but  some  considerable 
areas  of  it  have  been  brought  under  the  plough,  while  others 
remain  as  woodland.  The  clay  in  places  is  du^  out  in  trenches  for 
the  purpose  of  getting  material  to  clay  the  land.  He  further  states 
that  the  rapidity  with  which  the  surface-water  soaks  away  over 
the  areas  throughout  which  the  sandy  Kellaways  Beds  outcrop, 
causes  their  soil  to  present  a  remarkable  contrast  with  that  of' the 
districts  occupied  by  the  stiff  and  impervious  portions  of  the 
Oxford  Clay.  The  light-coloured  sandy  soils  thus  formed,  con* 
stitute  what  is  locally  known  as  "  drummy  land,"  and  can  easily 
be  traced,  over  many  miles  of  country,  near  the  limits  of  the 
Oxford  Clay  and  Cornbrash  formations,  j: 

In  Lincolnshire  the  Oxford  Clay  forms  a  stiff  and  cold  soil,  but 
this  varies  from  the  mild  friable  loam,  characteristic  of  the 
Kellaways  Beds,  to  very  tenacious  day.  Much  of  the  land  is 
under  grass,  but  beans,  wheat,  oats,  and  clover  are  cultivated  in 
places. 

Coraltian  Beds* 

The  Corallian  Beds  yield  a  very  variable  soil,  though  for  the 
most  part  light  and  brashy.  Much  of  it  is  a  rich,  friable,  eandy 
loam,  generally  brown,  but  sometimes  of  red  colour.  The  ground 
is  mostly  under  cultivation  for  com  and  roots,  and  to  some  extent 

*  For  analyses  of  soils  on  Oxford  Clay  in  Wiltshire,  see  Dr.  A.  Voelcker,  Jonrn. 
B.  Agric.  Soc.,  ser.  2,  toI.  ii.  pp.  382,  383,  S86. 
t  Memoir  on  the  Lias  of  England  and  Wales,  p.  319. 
X  Judd,  Geol.  Rutland,  pp.  287,  &c. 
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as  meadow- land,  but  there  are  occasional  rabbit-warrens  on  the 
sandy  areas  of  the  Lower  Calcareous  Grit. 

In  the  Weymouth  district,  where  there  are  few  trees,  except  in 
sheltered  hollows  near  the  farmsteads,  the  land  has  a  bire  aspect, 
and  the  fields  are  divided  by  stone-walls  and  hedgerows. 

Near  Abbotsbury  the  ironstone-beds  yield  a  bright  red  ferru- 
ginous soil,  on  which  potatoes  are  much  cultivated. 

Kimeridge  Clay, 

The  soil  is  as  a  rule  heavy,  requiring  to  be  well-drained.  Like 
that  on  the  Oxford  Clay,  it  is  improved  in  places  by  lime- 
manure.  Much  of  it  18,  however,  rich,  and  in  places  phosphaiic, 
while  it  is  improved  by  downwashes  from  the  escarpments  formed 
by  overlying  strata. 

The  land  is  comparatively  flat  or  gently  undulating,  and  the 
greater  part  is  pasture  and  meadow.  Extensive  dairy-farms  occur 
near  Seend,  Potteme,  and  Westbury ;  and  in  this  neighbonrhood 
the  by-roads  consist  chiefly  of  green  lanes  (known  ns  bridle  ways 
in  Wiltshire  and  halter  paths  in  Dorsetshire),  very  muddy,  and 
almost  impassable  in  wet  weather.  This  clay  in  Wiltshire  is  con- 
sidered a  warm  clay  as  compared  with  the  Oxford  Clay,  so  that 
the  land,  as  a  rule,  is  of  more  value. 

Near  the  junction  with  the  Portland  Sands,  or  with  the  Lower 
or  Upper  Greensand  where  they  rest  immediately  on  the 
Kimeridge  Clay,  or  again  where  thin  gravelly  patches  occur,  the 
soil  is  often  more  or  less  loamy,  and  there  are  occasional  gcirse- 
covered  tracts,  and  commons.  Wheat,  beans,  and  potatoes  are 
grown  in  places.  West  of  Kimeridge  Bay  there  is  a  small  rabbit- 
warren  in  the  dry  shaly  surface-soil  on  the  top  of  the  cliffy. 

Good  hedgerows  are  generally  found,  and  from  the  prevalence 
of  the  oak,  the  term  *'  Oak  Tree  Clay "  was  applied  to  the 
Kimeridge  Clay  by  William  Smith  in  1816,  though  in  those  old 
days  it  was  not  strictly  confined  to  the  formation. 

The  village  of  Kimeridge  lies  near  the  junction  of  the  Kimeridge 
Clay  and  Portland  Beds,  and  the  rich  pastures  on  the  former 
tract  contrast  pleasantly  with  the  scanty  herbage  on  the  latter. 
Further  east,  Encombe  Valley,  known  as  the  *' Golden  Bowl,'*  is 
marked  by  wooded  and  grassy  slopes,  which,  like  the  Weaiden 
tract  further  north,  form  a  relief  to  the  bleak  Purbeck  hill?. 

In  the  vale  below  Shaftesbury,  in  that  near  Westbury  in 
Wiltshire,  in  the  Vale  of  White  Horse,  and  onwards  by  Nuneharo 
Courtney  to  near  Thame  and  the  Vale  of  Aylesbury,*  we  have 
broad  tracts  of  Kimeridge  Clay,  where  the  stiff  soil  is  ameliorated 
in  places  by  down  washes  from  the  Portland  Sands,  the  Lower  or 
Upper  Greensand.  Further  on  the  Clay  is  concealed  in  places  by 
patches  of  Boulder  Clay,  so  that  in  its  course  through  Cambridge- 
shire and  Lincolnshire  the  character  of  the  land  is  much  modified 


*  An  analviis  of  foil  from  Patlowet  (?  Patlen)  nonh-west  of  Ajlesbnr^^  was 
giyen  by  G.  S.  Bead,  Jouxn.  B.  Kfpne,  Soe.,  toL  xtL  p.  281. 
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by  Glacial  Drift.  In  Lincolnshire  tliere  are  tracts  oF  Drift  sand 
of  a  comparativelj  sterile  character ;  and  there  in  former  times 
the  Kimeridge  Clay  was  dug  to  spread  over  lands  that  needed 
clayey  material.* 

Portland  Beds. 

The  Portland  Beds  of  Dorsetshire  form  high-rounded  and  grass- 
covered  hills  with  here  and  there  bare  rocks  jutting  out  The 
slopes  are  steep  and  the  ground  is  not  often  cultivated,  though 
supporting  a  herbage  suitable  for  sheep-pastures.  The  steep 
slopes  of  Portland  Sand  are  marked  by  slipped  ground  and  sheep- 
terraces. 

The  land  is  divided  mostly  by  stone  fences.  These  remarks 
apply  to  the  escarpment  from  Portisham  to  Upway,  to  the  marked 
spur  of  Swyre  Head  formed  of  cherty  Portland  Beds  (667  feet 
high),  and  to  the  combes  of  the  Isle  of  Purbeck,  at  Kenscombe 
and  West  Hill.  Tiie  elder  and  the  teazel  grow  abundantly  on  the 
debris  that  covers  the  slopes  of  Kimeridge  Clay. 

On  both  Portland  and  Purbeck  Beds  near  St  Alban's  Head 
and  Worthy  there  are  many  old  terraces  of  cultivation^  known  as 
lynchets.f 

In  the  Vale  of  Wardour  the  ground  is  mostly  under  cultivation^ 
roots  and  corn  being  grown ;  but  there  are  few  trees,  so  that  the 
country  occupied  by  Sie  Portland  Kocks  looks  bare,  except  along 
the  wooded  escarpment  near  Pyt  House  on  the  north,  and  near 
Wardour  Castle  on  the  south  side  of  tlie  vale. 

In  Buckinghamshire  the  Portland  Beds  give  rise  to  a  dry  sandy 
and  fertile  loam,  that  forme  useful  arable  land. 

Purheck  Beds* 

Portland  Isle,  which  is  covered  almost  entirely  by  Purbeck 
Beds,  is  a  bleak  and  dreary  tract  owing  to  the  absence  of  trees — 
there  being  a  few  only  near  Pennsylvania  Castle  and  at  Fortune's 
WelL  The  ground  is  cultivated  in  long  and  narrow  strips  in 
places,  known  as  "  Lawns,"  where  corn,  grass,  and  potatoes  are 
grown.  Near  the  higher  lighthouse  I  counted  35  such  strips 
within  a  space  of  530  yards.  Over  great  part  of  the  Island  there 
is  good  pasture  for  sheep. 

In  the  Isle  of  Purbeck  the  soil  is  a  brown  and  somewhat  brashy 
day,  a  foot  to  18  inches  deep.  Much  of  it  is  heavy  and  requires 
draining,  being  in  this  respect  like  that  oF  the  Forest  Marble. 

Crops  of  corn,  beans,  potatoes  and  peas  are  grown ;  but  much 
of  the  land  is  in  pasture,  partly  owing  to  the  broken  nature  of  the 

?'ound,  where  the  hollows  remain  from  old  workings  for  stone, 
hus  the  Lower  Purbeck  Beds  form  a  tract  that  is  more  cultivated 


*  Strahan,  GkoL  lincolo,  p.  80. 

t  See  alio  F.  8eelx>hm,  The  English  YiUage  Commanity,  1883,  p.  5;  and  H.B.W. 
Memoir  on  the  Liaa  of  England  and  Wales,  p.  818.  *' 
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than  that  of  the  higher  beds.  Near  the  edge  of  the  cliffs,  where 
the  land  is  naturally  drained,  the  gorse  grows^  and  near  Durlston 
Head  there  are  fir  plantations,  but  over  great  part  of  this  Purbeck 
area  there  are  few  trees  excepting  near  the  habitations.  The 
fields  are  sometimes  divided  by  hedgerows,  but  more  often  by 
stone  walls. 

In  the  Vales  of  Wardour  the  Purbeck  Beds  are  mostly  under 
cultivation.  On  Lady  Down  the  ground  rises  high  above  the 
Portland  Beds,  dipping  thence  generally  towards  the  east. 

In  the  Sussex  area,  as  remarked  by  Mr.  Topley,  the  soil  foriiied 
by  the  Purbeck  Beds  *^  is  mostly  stiff,  as  clays  and  shales  pre- 
dominate in  their  composition ;  a  great  part  is  woodland,  only  a 
small  proportion  being  under  the  plough.*^  Hops  are  cultivated 
in  places. 

In  Lincolnshire  the  Spilsby  Sandstone  ''  everywhere  forms  a 
tract  of  light  sandy  soil  between  the  heavy  clays  [Kimeridge  and 
Tealby]  below  and  above."t  Much  of  the  area  is  under  cultiva- 
tion, but  there  is  a  pleasing  mixture  of  arable  land  and  woodland. 

'  _■_  - r  -  - I  — 

♦  Geology  of  the  Weald,  p.  33. 

t  Joket-Erowne,  Geol.  East  Lincolnsliire,  p.  16. 


BUILDING  STONES:  OORAUJAN  BEDS.  309 


CHAPTER  XVI. 
ECONOMIC  PRODUCTS. 

Building  Stones. 

General  remarks  on  the  Building  Stones  of  the  Oolitic  Series 
have  been  made  in  a  previous  volume.'^  In  the  Middle  and  Upper 
Oolites,  freestones  are  obtained  from  the  Corallian  Beds^  the 
Portland  Beds,  and  occasionally  from  the  Purbeck  Beds.  These 
include  limestones  more  or  less  oolitic^  and  calcareous  sandstones. 

C^raUian  Rocks. 

Among  the  Corallian  freestones  those  of  Ca1ne,and  of  Marnhull 
and  Todbere  near  Sturminster  Newton^  are  the  principal. 

The  Osmington  oolite,  near  Weymouth,  the  Goatacre  freestone, 
north  of  Hillmarton^  and  other  beds  have  locally  been  quarried, 
but  never  to  any  large  extent. 

The  MamhuU  stone  was  used  in  the  churches  of  Gillingham, 
Hinton  St.  Mary,  Sutton  Waldron,  &c.  About  10  feet  of 
freestone  is  worked,  and  blocks  up  ta  20  cubic  feet  have  been 
obtained.     (See  p.  103.) 

The  Headington  Stone  ('^  Shotover  Limestone ")  east  of 
Oxford,  though  it  has  been  employed  as  a  freestone,  is  for 
the  most  part  exceedingly  poor,  many  of  the  buildings  in  Oxford 
where  it  was  used,  having  come  to  a  deplorable  state  of  decay. 
The  upper  beds  of  impure  comminuted  shell-limestone  were  those 
so  much  used;  but  all  the  beds  are  very  variable  and  shelly, 
false-bedded  shelly  limestone  passes  laterally  into  rubbly  coral- 
rock  ;  and  there  are  layers  of  shelly  sand  and  hard  lenticular  bands 
of  grey  oolitic  limestone.  In  the  village  of  Headington  Quarry 
most  of  the  better  stone  has  been  removed,,  bat  here- and  tb^  old 
quarries  hare  been  re-opened.  A  layer  of  the '^  best  stone  "  (of 
its  kind)  occurs  near  the  base  of  the  limestones,  about  5  feet  above 
the  top  of  the  Sands  of  the  Lower  Calcareous  Grit* 

According  to  Plot,  stone  from  the  Wheatley  quarries  was  used 
for  some  of  the  older  buildings  in  Oxford  ;t  it  is  a  variable  stone, 
but  on  the  whole  more  durable  than  that  of  Headington. 

Of  other  building-stones  there  are  certain  hard  sandstones, 
shelly  limestones,  &c.,  which,  although  not  freestones,  have  been 
found  serviceable  for  building-purposes. 

In  tbe  I/ow.er  Calcareous  Grit  the  layers  of  hard  calcareouB  sandstone 
Cornish  building-blocks  that  are  quarried  in  many  parts  of  Wiltshire.  . 

At  Westbury,  in  Wiltshire,  the  slag  from  the  iron-fomaces  is  prepared 
wil^  cement,  to  form  bailding-blocks,  which  have  been  used  in  some 

*  Memoir  on  the  Lower  Oolitic  Bocks  of  England,  p.  470. 
t  Plot,  Nat.  Hist.  Oxfordshire,  1677,  p.  76. 
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railway-bridgeB  near  Beading.    A  kind  of  paving-material  is  also  made 
from  the  Blag. 

North-west  of  Hiehworth  an  oolitic  and  pisolitio  rock  belonging  to  the 
Upper  Corallian  Be£  has  been  employed  for  bnilding-pnrposes. 

Portland  Beds, 

The  merchantable  stone  of  Portland  comprises  tlie  Whit  Bed 
and  the  Best  Bed,  the  latter,  notwithstanding  its  name,  being  of 
inferior  quality ,  the  name  it  is  believed  being  a  corruption  of 
Base  Bed.  It  has,  however^  been  remarked  by  C.  H.  Smith  that, 
**  Formerly,  when  none  but  east  cliff  quarries  were  worked,  the 
lowest  bed  was  considered  the  best  stone  [the  Whit  Bed  there 
being  coarse  and  shelly],  hence  the  name  amongst  the  quarrymen 
of  'best  bed  ;'  but  in  the  north,  north-east,  and  west  cliff 
quarries,  the  top  bed,  though  not  always  the  finest  grained,  is 
certainly  the  best  stone  for  standing  the  weather."*  Both  beds 
thus  vary  sometimes  even  in  the  same  quarry,  as  might  be 
expected,  and  both  are  somewhat  harder  where  the  stone  is 
unprotected  by  coverings  of  Purbeck  Beds,  as  near  the  Bill  and 
around  the  cliffs  genersJiy. 

Towards  Portland  Bill,  and  at  the  BiU,  the  Whit  Bed,  becomes 
very  flinty,  and  partly  on  that  account  it  is  not  now  worked  there. 
In  that  neighbourhood  the  Curf  or  Middle  Bed  has  yielded  some 
good  stone. 

Both  Whit  and  Best  Beds  are  used  for  Scantlings,  Landings »  Sills, 
Steps,  Cornices,  Piers,  Columns,  &c.,  and  also  for  paving  and  for  monu- 
mental purposes.  The  Best  Bed  is  considered  as  a  rule  the  more  suitable 
for  fine  carving,  and  for  inside  work  generally  ;  the  Whit  Bed  being  as  a 
rule  harder  and  more  durable  as  a  weather-stone. 

Blocks  weighing  10  or  even  15  tons  are  obtained,  about  16  cubic  feet  of 
the  stone  weighing  one  ton ;  much  larger  blocks  are  often  detached  during 
the  working  of  the  quarries. 

The  refuse  of  the  stone-beds  is  burnt  for  lime  in  a  kiln  on  the  top  of  the 
hill  above  Fortunes  Well. 

The  top  Boach,  of  which  blocks  weighing  20  tons  have  been  procured, 
is  employed,  when  wanted,  for  sea-walls,  harbours,  and  docks,  but  is 
otherwise  rejected  among  the  waste-stone  or  **  ridding."    It  stands  great 

Sressure,  and  is  not  afieoted  by  frost.    It  is  considered  to  be  much  more 
urablo  than  other  beds  of  Boach,  that  occur  at  lower  horizons,  and 
consequently  they  are  always  rejected. 

The  thickness  of  the  Building-stone  series  is  from  20  to  28 
feet ;  and  is  on  the  whole  rather  thicker  towards  the  west  than  at 
the  eastern  side  of  the  island. 

The  Portland  Stone  was  not  much  known  beyond  the  neigh- 
bourhood of  Portland  before  the  beginning  of  the  seventeenth 
century. 

Among  the  old  quarries  were  those  known  as  the  Weycroft  quarries, 
where  the  stone  was  shipped  from  tl^e  King's  Pier  below.  They  were 
situated  a  little  north  or  north-west  of  the  Admiralty  quarry,  while  the 
Grove  quarries  (Bedcroft)  were  situated  a  little  north-west  of  the  Convict 
Prison.  Important  quarries  are  now  worked  at  Weston,  Kingbarrow,  and 
near  the  Prison. 

*  Lithology,  Joarn.  B.  Inst.  Brit.  ArchiteoU,  1S40,  p.  15S ;  and  W.  Gray,  Proe. 
Geol.  Amoc,  vol.  i.  p.  142. 
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The  Kingbarrow  qnarrieB  lie  to  the  west  of  the  Weycroft  quarries,  near 
Yeales,  and  the  Maggot  quany  was  a  little  farther  south.  Other  qaarries 
were  known  as  the  l?ade,  Vern  Street,  Castles,  and  Goslings  qnarries.* 
Daring  the  construction  of  St.  Paul's  Cathedral  (1675-1717)  Sir  Christopher 
Wren  had  control  of  the  Portland  quarries,  the  stone  was  carefully 
selected  and  seasoned,  and  some  blocks  said  to  have  been  quarried  at  the 
time  are  still  lying  about.f 

Prof.  T.  R.  Jones  has  remarked  in  reference  to  buildings 
constructed  of  Portland  Stone  in  London^  that  sulphate  of  lime 
is  sometimes  formed  by  sulphuric  acid  derived  from  the  London 
atmosphere  ;  and  he  points  out  that  the  black  portions  are  due  not 
merely  to  smoke,  but  probably  also  to  a  black  Protococcus.  "  The 
degradation  of  this  limestone  by  rain  and  carbonic  acid,  however, 
is  considerable,  for  the  cement  stands  up  in  edges,  an  inch  high, 
on  the  parapet  of  Somerset  House,  and  the  component  fragments 
of  oyster  shells  almost  as  high."| 

On  the  whole,  however,  it  is  considered  that  Portland  Stone  is 
less  affected  by  the  London  atmosphere  than  other  Oolitic  lime- 
stones. St.  Paul's  has  stood  well,  but,  as  already  remarked,  great 
care  was  used  in  the  selection  of  the  stone,  and  many  blocks  were 
subject  to  long  seasoning  before  being  employed.  The  chief 
symptoms  of  decay  are  said  to  bo  in  those  parts  of  the  edifice 
that  are  most  exposed  to  the  south-west  winds  and  rains. 

The  Portland  Stone  was  used  in  the  construction  of  the  Monument  on 
Tower  Hill  (1671-7),  the  Custom  House  (181 5),  General  Post  Office  (1829), 
Somerset  House  (1776-9*2),  British  Museum  at  Bloomsbury  (1763), 
St.  Pancras  Church  (1819-22),  &c.§  It  was  also  used  for  the  Horseguards, 
the  India  House  and  Foreign  Offices  in  Downing  Street,  the  Post  Office 
Savings  Bank,  the  Reform  Club,  the  National  Liberal  Club,  the  National 
Provincial  Bank  in  Piccadilly  (1893),  the  new  Record  Office  in  Chancery 
Lane  (1895),  &c. 

On  Portland  itself,  the  stone  was  locally  used  for  the  old  Bow  and 
Arrow  Castle,  and,  on  the  mainland,  for  the  later  Castle  of  Sandsfoot. 

The  "  Purbeck-Portland  stone  "  is  said  to  excel  the  true  Portland 
stone  in  the  qualities  of  closeness,  slight  absorption^  hardness,  and 
durability,  characters  which  improve  in  an  easterly  direction  from 
St.  Alban's  Head,  so  that  the  old  quarries  of  Tilly  Whim  yielded 
the  most  durable  stone.  However,  the  stone  there  is  so  much 
harder  that  it  is  thought  on  this  account  the  old  quarries  were 
disused. 

With  few  exceptions  all  the  quarries  of  the  Purbeck-Portland  area  are 
in  the  face  of  tne  sea-olifis,  "the  first  portion  being  cut  down  perpen- 
dicularly from  the  crest,  which  when  effected  at  once  by  blasting  is 
termed  ridding,  so  as  to  form  a  platform  level  with  the  base  of  the 
merchantable  stone,  which  in  most  of  them  is  afterwards  extracted  by 
driving  galleries  into  the  rock,  forming  deep  caverns,  and  leaving  pillara 
for  the  support  of  the  superincumbent  mass.  From  the  position  of  the 
quarries  the  produce  can  only  bo  shipped  in  very  calm  weather,  so  that 
the  greater  part  of  the  year  they  are  unapproachable." |{ 


*  Report  on  the  Selection  of  Stone  for  the  New  Houses  of  Parliament,  1889, 
p.  4. 

t  Memoir  of  Sir  Christopher  Wren,  by  L.  Phillimore,  18«3,  p.  221. 

X  Proc.  Geol.  Assoc.,  vol.  vi.  p.  2  jO.  See  algo  Memoir  ou  the  Lower  Oolitic 
Rocks  of  England,  p.  474. 

§  Builder,  September  18,  1858. 

jl  P.  Braunon,  Guide  to  Swanagc,  1872,  p.  30. 

e     82428.  ^ 
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The  stone  from  Tilly  Whim  was  used  in  the  constmction  of  Corfe 
Castle ;  elsewhere  the  stone  obtained  from  near  St.  Alban's  Head/  at 
Seacombe,  Winspit,  Ac,  and  known  as  "  Cliff  Stone,"  is  employed  for 
bnildiug-pnrposes,  for  sinks,  tronghs,  steps,  landings,  curb-stones,  oolnmns^ 
rollers,  &c. 

At  Seacombe  the  stone  is  mostly  obtained  by  tunnelling.  Where 
oxcaTatcd  it  has  a  pale  bluish-grey  appearance,  but  when  cut,  dressed^ 
and  dried  it  has  a  yellow  appearance.  The  stone  varies,  some  beds  being 
too  shelly  to  be  of  service  as  freestone. 

At  the  Winspit  Quarry  the  Under  Freestone,  on  top  of  the  chert-beds,  is 
about  6  feet  thick.  It  is  used  for  sinks,  curb-stones,  &c.,  and  is  sent  to 
the  Isle  of  Wight,  Soutbampton,  Portsmouth,  Brighton,  Ac.  The  topor 
Pond  Freestone  is  considered  the  best  bed ;  this  is  7  feet  thick.  The 
House  Cap  above  the  Under  Freestone,  is  a  coarse-grained  limestone^ 
used  for  breakwaters,  Ac,  and  the  **  Blue  Stone  '*  above  the  Top  or  Pond 
Freestone  is  a  hard,  durable  stone,  used  for  gate-posts,  Ac. 

Inland  the  Portland  Freestone  has  been  quarried  at  London 
Doors  and  other  places  on  the  Eldon  estate^  but  not  westwards 
towards  Kimeridge.  This  may  partly  arise  from  the  fact  that  at 
London  Doors  the  beds  are  much  shattered^  and  they  are  much 
weathered  where  exposed  at  the  surface. 

In  the  Vale  of  Wardour  the  Portland  Bed?,  known  as  Wardour 
Stone  or  Tisbury  Stone,  are  extensively  quarried  and  mined 
for  building-stone  near  Tisbury,  at  Chilmark,  Chicksgrove,  and 
Wockley  ;  and  formerly  there  were  old  quarries  at  Lower  Lawn 
to  the  north  of  Tisbury. 

The  lower  beds  of  the  Portland  Stone  are  those  chiefly  worked 
as  freestone — they  consist  generally  of  greenish  sandy  limestones 
or  calcareous  sandstones,  which  become  paler  when  dry.  They  are 
used  not  only  for  building-purposes,  but  for  troughs,  tombstones, 
&c.  The  most  extensive  quarries  with  galleries,  are  those  in  the 
Ghilmark  ravine^  where  beds  of  variable  character  arc  present, 
passing  from  sandy  and  glauconitic  limestones  into  calcareous 
sandstone.  Mr.  Hudleston  notices  how  full  of  quartz  grains  these 
beds  are,  but  they  appear  to  be  cemented  to  a  certain  extent  by 
opaline  silica.* 

The  principal  beds  are,  the  Trouah  Bed,  a  sandy  limestone  about  2  fl< 
thick,  considered  the  best  weather-bed,  and  used  for  building-stone,  steps » 
paviours,  &o, ;  the  Oreen  Bed,  a  sandv  and  glauconitic  limestone  some- 
times shelly,  and  about  5  feet  thick;  the  Finney  Bed,  a  sandy  and 
glauconitic  limestone,  a  good  weather  stone,  about  2  feet  thick ;  and  the 
Fretiing  Bed,  a  very  sandy  and  partially  calcareous  rock,  a  little  over 
3  feet  thick;  the  thicknesses  above  given  being  those  of  the  merchantable 
stone. 

The  Portland  Stone  of  the  Vale  of  Wardcnr  was  employed  in  the 
Cathedrals  of  Salisbury,  Rochester,  and  Chichester,  in  Wardour  Castle^ 
Longford  Castle,  Fonthill  Abbey,  Wilton  Abbey,  Romsey  Abbey,  West- 
minster Abbey  (Chapter  House),  Christchuroh  Priory,  Balhol  College  at 
Oxford,  &c. 

An  upper  and  oolitic  freestone  has  been  obtained  by  means  of 
galleries  at  Chilmark ;  it  was  employed  in  the  west  front  of 
Salisbury  Cathedral,  and  has  lately  been  again  worked. 


♦  Proc.  Geo).  Assoc.,  vol.  vii.  p.  17  !► 
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The  following  statistics  show  the  density  and  absorbent  powers 
of  some  of  the  Portland  and  Pnrbeck  rocks : — 


Specific 

Bulk 

Weight  : 
Per  Cubic 

BnildiDg  Stones. 

Gravity  of  Dry 

of  Water 

Specimens. 

absorbed. 

Foot. 

Per  cent. 

lbs. 

Purbeck  (Swanai^)  Stone 

— 

— 

169 

Seacombe              .            -            - 

— 

— . 

150 

Portland  Stone     -            -            - 

2*14 

— 

133  to  147 

„        Boach    -            -            - 

— 

.. 

155 

„        Whit  Bed 

— 

13-5 

145 

„        Base  Bed 

~ 

_ 

187 

Chilmark  Stone   -            -            - 

2-4S 

— 

.. 

Ttsbury  Stone      -            -            . 

"■" 

8»6 

153 

The  following  analyses  show  the  general  composition  of  some 
Portland  rocks : — 


Portland  Stone. 

Trough  Bed, 

Chilmark  Stone. 

Carbonate  of  lime             -            -            -            . 

„          „  magnesia     -            -            -            - 

Iron,  Alumina       -            -            -            -            - 

SUica 

Water  and  loss     -            -            -            -            - 
Bitumen    -----. 

95*16 
1-20 
0-50 
1'20 
1-94 
trace 

79-0 
3-7 
2'0 

10-4 
4-2 

trace 

100-00 

99*8 

Analyses  of  the  Whit  and  Base  Beds  of  Portland  are  said  to  show 
practically  the  same  composition,  although  the  former  stone  is  as  a  role 
found  to  oe  the  more  durable.* 

The  hard  calcareous  sandstone  in  the  Upper  Portland  Beds  at  Swindon, 
known  as  Swindon  Stone,  has  been  quarried  for  building-purposes. 

In  the  Portland  Beds  of  Oxfordshire  and  Buckinghamshire  there  are 
beds  of  hard,  compact,  and  sometidies  sandy  limestone  that  are  employed 
locally  for  building-purposes.  At  Great  fiaseley  the  top  layer  of  the 
Portland  Stone,  called  "Curl  stone,"  was  formerly  used  for  chimney-' 
pieces.    It  is  a  grey  and  somewhat  gritty  limestone  with  fossils. 


Purbeck  Beds. 

At  Swanage  all  the  stone-quarries  are  in  the  Middle  Purbeck 
Beds,  while  at  Ridgeway  the  Lower  Beds  yield  the  best  stone* 

The  stone-quarries  or  mines  are  situated  on  the  ridge  or  hill 
above  Swanage  (Swanwich),  and  to  the  south  of  the  town,  but 
they  extend  westwards  to  Langton  Maltravers,  and  there  are  a 
few  on  towards  Kingston.  There  is  said  to  be  no  good  workable 
stone  west  of  Kingston,  and  none  is  now  worked,  except  in  an 
occasional  open  quarry.     The  ridge  at  Swanage  is  indeed  riddled 

*  Report  with  reference  to  the  Selection  of  Stone  for  building  the  Neir  Houses 
of  Parliament,  1389.  Analyses  by  Prof.  Daniell,  p.  SO ;  see  also  Mem.  Geol.  Sorreyi 
vol.  ii.  Part  2,  p.  691. 
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with  pits,  some  deserted,  many  now  worked  (upwards  of  90), 
and  most  of  them  marked  by  heaps  of  refuse,  or  *'  ridding," 
called  "  Scar-heaps,"  some  of  which  are  20  feet  high. 

The  stone  is  really  mined,  being  worked  underground,  because 
the  layers  of  merchantable  stone  are  thin  in  comparison  with  the 
worthless  strata  associated  with  them.  Moreover,  the  beds  dip 
at  a  considerable  angle,  and  are  therefore  not  exposed  near  the 
surface  over  a  very  large  area ;  they  are  worked  along  the  dip, 
and  the  pits  are  from  40  to  60  feet  deep,  or  even  deeper. 

Sloping  shafts,  about  5  feet  square,  arc  made,  so  that  the  stone  can  be 
dragged  up  in  trucks  by  means  of  a  capstan  and  chain,  with  the  aid 
sometimes  of  a  donkey.  The  stone  is  extracted  by  means  of  crowbars  and 
wedges.  The  shafts  are  paved  with  stone  for  the  trucks,  and  rade  steps 
are  cut  alongside  for  the  use  of  the  workmen.  As  the  stone  is  worked 
away  the  galleries  are  supported  sometimes  by  timber,  but  more  usually 
by  blocks  of  useless  rook.  The  stone  is  dressed  at  the  surface,  and  then 
sent  to  merchants  at  Swanage,  where  the  blocks  or  "  bankers "  are 
piled  ready  to  be  shipped  or  to  be  sent  away  by  rail. 

The  quarries  are  distinct,  and  generally  owned  by  the  workers,  and 
their  area  is  marked  out  on  the  surface  by  stone-^valls.  Many  curious 
customs  still  prcyail  in  connexion  with  the  labour,  and  it  has  been 
suggested  that  the  quarrymen  may  be  descendants  of  a  colony  of  Normau 
stone-workers.*  They  form  a  distinct  class  of  people,  owing  to  their 
curious  customs  and  intermarriages.  The  men  constitute  the  Company 
of  Marblers  and  Stone-cutters  of  the  Isle  of  Furbeck,  and  maintain  the 
priyile^  of  confining  the  stone-trade  to  themselves  and  sons,  rigourously 
excludmg  strangers. 

The  Furbeck  Stone  is  shaped  into  curb-stone  of  yarious  widths,  gutter- 
stones,  square  slabs  for  paving,  for  steps,  gate-posts,  window-sills,  and 
landings,  sinks,  horse-troughs,  and  granary  rick-leg  and  cap  stones,  &c. 

Tha  walls  are  often  built  with  gently  undulating  layers  of  stone,  or 
layers  inclined  now  in  one  direction  now  in  another,  with  occasitmal  hori- 
zontal layers,  larger  irregular  slabs  are  piled  on  the  top,  either  vertically 
or  in  a  sloping  direction. 

The  stone  is  much  used  in  the  south-east  of  England,  being  sent  to 
Brighton,  Fortsmouth,  Winchester,  Salisbu^,  &c.  Formerly  the  stono 
was  largely  used  for  paying  in  London,  and  Hutchins  states  that  during 
the  years  1764-1771,  about  14,000  tons  of  stone  were  aimually  obtained. 
At  the  present  day  the  output  is  from  15  to  20  thousand  tons.f 

In  the  beginning  of  this  century  much  stone  was  obtained  from  the 
cliffs  in  Durlston  Say.  Webster  remarked  that  the  mode  of  quanying 
the  Furbeck  Stone  "is  by  making  excavations  and  inserting  slicht 
props ;  in  the  course  of  time,  these  props  giving  way,  a  part  of  the  cliff 
tails  down,  and  the  fragments  are  worked  by  the  masons  into  the  forms 
proper  for  several  purposes.'*! 

Formerly  much  stone  was  quarried  on  the  hills  above  the  Liffhthouse 
near  Durlston  Head,  as  indicated  by  the  heaps  of  rubbish,  and  there  are 
shallow  pits  further  north  where  poitions  of  the  stone-beds  are  repeated 
by  a  fault. 

The  Purbeck  Stone  Beds  of  marketable  value,  excepting  the 
Marble  beds,  occur  beneath  the  Corbula  Bed:?,  in  the  Middle 
Purbeck   division.        They   were   noted    in    detail    by   Thomas 


*  A  good  account  of  the  Qaarries  is  given  by  Mr.  C.  E.  Robinson,  in  **  A  Royal 
Warren  or  Picturesque  Rambles  in  the  Isle  of  Purbeck,"  4to,  Etching  Co.     1882. 

t  Report  on  the  Dorsetshire  PurVeck  Stone  for  1880  bj  C.  Le  Nere  Foster  and 
R.  J.  FrecheriJle. 

X  Englefield,  Isle  of  Wight,  p.  xviii ;  Trans.  Geol.  Soc,  ser.  2,  vol.  ii.  p.  37. 
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Freestone 
Vein. 


Downs 
Vein. 


I  Upper  Tombstone  Bed 

I  Brassy  Bed    - 

L  Lower  Tombstone  Bed  - 


Ft. 

In. 

4, 

6 

5 

() 

5 

0 

2 

2 

1 

0 

1 

6 

Webster,*  and  later  en  by  H.  W.  Bristow.t  Their  records 
differ  in  detail  and  in  the  grouping  of  the  ^'  veins,"  but  the 
principal  bands  of  stone  are  given  in  the  same  sequence.  Thej 
may  be  stated  as  follows : — 


White  Boach       -  -  - 

Laning,  Lane-end  or  Leaning  Vein 

Boyal        -  -  - 

Red  Rag  -  -  - 

Rag 

Under  Rag 

Top  Shingle 
Shingle 
Under  Picking 
Lower  Shingle 
Grub 

^  Roaoh 
Pink  Bed 
Grey  Bed 
Thornback 
Freestone  Bed 
Blue  Bed 
Lias    - 

Lias  Bag        - 
Laper  - 

-^  Under  Picking 


16      0 
(including 
shales.) 


13      0 
(including 
shales.) 


Below  the  Cinder  Bed  the  following  beds  occur  : — 


Ft.  ly. 

6      3 
(including 
shales). 


New  Vein 


Button  .... 

Feather             -  -  -  , 

Under  Feather 

Cap      -           .  -  -  - 

Sly  Bed  (Waste)  -  -  -          2      0 

r  Upper  5-foot  Bed  -  -  -          6      0 

J  Under  5.foot  Bed  -  -  -         6      0 

I  Tombstone  Bed  -  -  -          4      1 

L  Shear  Bed        -  -  -  -         0      4. 

Different  beds  are  worked  in  the  many  quarries.  As  an 
example  a  section  may  be  given  of  Mr.  Squib's  quarry,  Swanage, 
which  I  visited  in  1884.  It  was  situated  on  the  eastern  part  of 
the  hill,  and  the  following  beds  were  worked  : — 

Ft.  In. 
Used  for  road-   f  Grub       -  -  -  -  -      0      5 

metal  and     i  Boach      -  -  •  -  -      I      0 

L  Thick  (or  Pink)  Bed       -  -  -      0      6 

j-GreyBedJ  -  -  -  -      0      7 


paving. 
Used  for  curbs 

and  steps. 
U^ed  for  curbs 
and  paving. 
Used  for  curbs, 
steps,  and 
building. 


I  Thornback 


0    10 


0 


[•Freestone  -  -  -  -      2 

The  rubbish  here  was  used  for  lime-burning,  road-metal,  and  for  ballast 
on  the  railway.    Very  little  roofing-material  was  obtained. 


*  Trans.  Geol.  Soo.,  ser.  2,  yoI.  ii.  p.  88. 
t  Vertical  Sections^  Geol.  Sanrey,  Sheet  22. 
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It  has  been  remarked  that  "all  the  useful  beds  are  broken  up,  by 
natural  partings,  into  blocks  and  slabs  of  various  sizes,  generally  irregular 
rectangles,  varying  in  size  from  ton  to  twelve  feet  long  by  Rre  to  eight 
feet  wide,  down  to  eight  or  fifteen  inches  long  by  six  or  ten  inches  wide* 
and  three  to  eight  inches  thick.  The  latter  class  are  termed  pitchers,  the 
term  *  horse  pitchers  *  being  applied  to  the  larger  sizes."* 

The  Laning  vein  is  used  for  tombstones,  paving,  walling,  and  marine 
works. 

The  Freestone  veins  yield  curb,^  step,  and  tile-stone,  and  freestone  used 
for  all  kinds  of  architectual  work ;  but  none  of  the  beds  can  be  considered 
as  durable  as  the  better  kinds  of  Portland  freestone. 

The  Downs  veins  yield  good  paving-stone  and  tombstones. 

The  Feaiher  bed,  a  hard  bluish* grey  shelly  limestone,  is  considered  the 
best  stone  for  curbs  and  paving :  associated  beds  are  used  for  walls  and 
marine  works. 

The  New  veins  supply  slabs  and  blocks  for  steps,  tombstones,  &c. 

The  bods  at  the  base  of  the  Upper  Purbeck  or  Swanage,  known  as  the 
Soft  Burr,  rough  decomposed  shell-limestones,  are  not  now  much  worked, 
for  the  stone  can  only  oe  obtained  in  small  sizes.  It  is,  however,  con- 
sidered a  durable  stone,  and  was  employed  in  the  construction  of  Oorfe 
Castle,  in  the  old  tower  of  Swanage  Church,  and  in  the  restoration  of 
Wimbome  Minster. 

A  quarry  north  of  Langton  Maltravers  showed  blue  and  grey  shelly 
limestones  (mostly  blue  hearted)  and  arenaceous  limestone  with  shells  and 
comminuted  shells,  chiefly  bivalves,  dissolved  away.  This  latter  rock  is  the 
••  Soft  Burr."  A  slight  anticlinal  was  shown  in  the  pit — the  beds  dipping 
to  the  north-east  ana  to  the  west. 

At  Upway,  near  Weymouth,  the  Lower  Purbeck  Beds  are  quarried  for 
building-stone,  as  previously  mentioned  (p.  259).  The  spire  of  All  Saints' 
Church,  Dorchester,  was  built  of  the  **  Cypris  freestone. 

In  the  Purbeck  Beds  of  Portland  the  Cap  beds  are  too  hard  and  uncertain 
in  fracture  to  be  of  use,  for  they  cannot  be  "  squared.'*  They  are  blasted 
in  the  quarries.  The  Soft  Burr  is  sometimes  used  for  local  building- 
purposes,  and  it  is  laid  according  to  the  bedding,  though  it  is  but  a 
rough  stone.  It  is  employed  for  coigns  of  chimneys  as  it  stands  fire. 
The  Bacon  Tier  is  occasionally  used  for  walling  in  Portland.  The  Hard 
Slatt  is  sometimes  employed  for  paving,  as  at  the  Brewery  at  Wyke,  but 
it  is  usually  too  hard  to  square ;  it  is  used  also  for  ifalling. 


Purbeck  Marble. 

Iq  his  "  Picturesque  Rambles  in  the  Isle  of  Purbeck,"  Mr.  C.  E. 
Robinson  gives  an  interesting  sketch  of  the  history  of  the  workings 
of  Purbeck  Marble  or  ''  Marble  Rag."  In  early  times  it  was  one 
of  the  best  marbles  readily  obtainable  in  England^  and  conse- 
quently it  was  much  used  in  our  principal  Abbeys,  Cathedrals, 
and  Churches.  The  numerous  columns,  the  fonts,  and  the  tombs, 
were  often  chiefly  formed  of  Purbeck  Marble.  The  stone  for  the 
pillars  in  the  interior  of  Salisbury  Cathedral  was  6btained  at 
Langton.  In  those  early  days  the  district  was  in  a  flourishing 
state,  for  AfHington  (or  AflSngton) — a  name  perpetuated  in  some 
farm-buildings  near  Kingston — was  a  market-town  in  the  time  of 
Henry  III. 

About  the  beginning  of  the  sixteenth  century  the  introduction 
of  foreign  marbles  worked  a  change  in  the  industry,  and  in  course 
of  time  the  quarries  for  marble  were  abandoned.    Webster  observed 


*  P.  BranuoD,  Guide  to  Swanaf^e,  187S,  p.  28. 
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in  1811  that  it  "is  now  out  of  use,  and  the  quarries  are  filled  up, 
and  scarcely  known."* 

Of  late  years  occasional  demands  have  arisen  for  the  stone  in 
the  restoration  of  churches,  and  a  considerable  amount  was 
required  for  the  new  church  at  Kingston  designed  by  Street  and 
built  for  Lord  Eldon.t  Here  many  columns  and  supports  both 
inside  iwd  outside  were  made  of  greenish  Purbeck  Marble.  Some 
of  the  columns  were  7  feet  in  length. 

Good  specimens  of  Purbeck  Marble  may  readily  be  procured 
near  Peverel  Point,  and  it  is  occasionally  quarried  inland,  as  at 
Easton,  near  Langton  Maltravers,  at  West  Orchard,  and  Woody 
Hyde,  south  of  Corfe  Castle. 

The  solid  rock  is  grey,  being  coloured  by  carbonate  of  iron, 
and  tliis  is  often  rusted  on  the  outside.  The  interiors  of  the 
Paludina-shelh,  which  form  the  mass  of  the  rock,  are  often  filled 
with  green  matter,  like  that  which  tinges  the  ^/ito-beds.  i^See 
p.  253.) 

South-east  of  Woody  Hyde  the  Marble,  chiefly  of  a  grey  colour,  has  been 
obtained  by  minii^  in  a  pit  situated  in  a  small  plantation.];  Slabs  were 
lying  abont  of  the  following  dimensions,  5  ft.  X  16  in.  X  2  ft. ;  6  ft.  7  in.  X 
1  ft.  11  in.  X  1  ft.  5  in. ;  and  2  ft.  3  in.  X  3ft.  6  in.  X  1  ft.  5  in.  The 
thickness  of  the  principal  bed  varies  from  1  ft.  4  in.  to  1  ft.  5  in. 

South-west  of  West  Orchard  there  were  (in  1884)  two  small  quarries 
opened  in  the  Upper  Purbeck  beds,  from  which  marble  had  been  obtained. 
The  beds  dip  N,  6*  W.  at  an  angle  of  18°  to  20^  The  marble  here  occurs 
at  the  top  of  the  pit,  and  is  stripped  off:  the  underlying  beds  comprising 
bluish-grey  mottled  sandy  limestone  with  Fcdudina  (2  inches),  and  a  thin 
flaggy  and  sandy  limestone  (1  in.  or  more).  Slabs  of  marble  4  ft.  X  2  ft. 
X  11  in. ;  3  or  4  ft.  X  li  ft.  and  3  to  4in.  thick ;  and  2  ft.  X  2  ft.  X  8  in. 
are  obtained.  The  shells  ai*e  weathered  on  the  surfaces  and  joints  of  the 
rook,  and  some  of  the  beds  are  quite  rotten,  so  that  the  Faludinas  may  be 
picked  out.    The  marble  is  rather  flaggy  and  splits  up  in  places. 

As  the  marble  gets  exhausted  along  its  outcrop,  it  may  in  future  be 
necessary  to  go  deeper,  even  in  places  under  the  covering  of  Wealden 
beds  where  the  dip  is  not  too  high.  Indications  of  old  workings  are  met 
with  along  the  outcrop  of  the  Upper  Furbeok  beds  for  some  distance 
west  of  Swanage. 

In  the  Yale  of  Wardour  at  Teffbnt  Evias,  the  beds  of  hard  smooth- 
grained  limestone  are  worked  for  building-purposes.  Fitton  long  ago 
suggested  that  some  of  these  beds  of  uniform  whitish  limestone  (locally 
known  as  "Lias")  at  Chicksgrove,  might  possibly  be  of  service  fcfr 
lithographic  purposes.§ 

Hard  limestone  belonging  to  the  Furbeck  Beds  of  Battle  (a  bed  known 
as  the  Grizzle  in  the  Bastard  Blues)  was  formerly  used  for  paving-stone.  || 

A  band  of  hard  limestone  above  ttie  "  Fendle,"  in  the  Furbeck  Beds  of 
Hartwell,  has  locally  been  used  as  pitching-stone. 

The  Spilsby  San&tone  is  described  bv  Mr.  Jukes-Browne  as  "  a  fine 

greenish  sandstone,  weathering  brown,  which  can  be  easily  quarried  as  a 
eestone."  It  has  been  largely  used  for  building-purposes,  in  East- 
Lincolnshire,  and  "  the  principal  quarries  seem  to  have  been  at  Salmonby 
and  at  Holbeck,  near  Ashby  Fuerorum,"  also  in  Harrington  Carrs.^    In 

*  Englefield's  Isle  of  Wight,  p.  172. 

t  The  pavement  outside  is  of  Purbeck  stone,  and  the  main  portion  of  the  building 
of  Purbeck  shell-limestone  (Burr).  See  Hudlestou,  Proc.  Geol.  Assoc,  vol.  vii. 
p.  8S1. 

1  See  also  Rev.  J.  H.  Austen,  Guide  to  Geology  of  the  Isle  of  Purbeck,  1S52. 

I  Trans.  GeoL  Soc.,  ser.  2,  vol.  iv.  p.  251. 

0  Topley,  Geol.  Weald,  p.  84. 

1  Geol.  E.  Lincolnshire,  p.  132. 
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quality  the  stone  is  variable,  in  many  old  churches  it  has  lasted  well,  but 
in  some  places  it  has  decayed  and  crumbled.  Much  of  the  stone  is  soft 
•nd  useless. 

MisceUiineous  uses  of  Fossils. 

The  palatal  teeth  of  fishes,  more  especially  those  of  Lepidotus  mcusimtiM 
(Svhoerodus  gigas)  from  the  Kimeridge  Clay,  as  well  as  similar  teeth  from 
other  formations,  have  been  utilized  in  old  times  as  ornaments,  or 
employed  as  charms,  being  supposed  to  possess  extraordinary  virtues. 

Conybeare  and  Phillips  thus  state  (1822)  that  "  these  little  fossil  pro- 
ductions were  a  century  since,  in  common  use  with  the  ladies,  as  orna- 
ments ;  and,  what  is  a  still  more  singular  circumstance  connected  with 
their  history,  they  seem  to  have  been  applied  to  the  same  purpose  by  our 
■iioient  British  ancestors :  as  several  strings  of  them  were  discovered  in 
the  Wiltshire  Barrows,  among  other  ornaments,  opened  by  the  late  Mr. 
Cunnington,  of  Heytesbury.*'*  Later  on  Mr.  W.  Cunnington  described  a 
"  Grapaudine  Locket  **  formed  of  two  circular  teeth  of  Lepidotus,  found  at 
Devizes,  t 

Dr.  Henry  Woodward  has  recently  given  a  further  account  of  these 
articles,  J  mentioning''  that  the  old  Naturalists  (such  as  Lhwyd)  described 
the  circi^r  enamelled  palatal  teeth  of  fishes  as  Bufonites  or  Toad-stones. 

Mr.  Cameron  informs  me  that  Belemnites  obtained  from  the  Oxford 
Clay,  south  of  Bedford,  have  been  ground  up  and  the  material  has  been 
naea  for  sore  eyes ;  and  specimens  of  the  same  fossil  were  formerly  collected 
in  Buckinghamshire  and  Bedfordshire  '*  bv  the  villagers  who  consider 
them,  when  pounded,  an  excellent  cure  for  rheumatism." § 

At  Fletton  near  Peterborough,  the  very  abundant  specimens  of 
Belenrniies  Oweni  are  collected  by  the  workmen,  who  receive  2s,  a  scuttle- 
fuU  for  them ;  but  I  am  informed  by  Mr.  A.  N.  Leeds  that  the  men  are  paid 
simply  to  pick  them  out  from  the  clay  as  they  would  spoil  the  bricks. 

Stone'tiles. 

Purbeck  stone-tiles  have  been  employed  for  roofing-purposes 
from  Roman  times. 

Thin  limestones  in  the  Lower  Purbeck  Beds  on  Portland,  known  as  the 
Slatt  Beds  and  some  of  the  overlying  fissile  limestones,  have  been 
employed  for  roofing.    The  same  is  the  case  at  Swanage. 

Stone  tiles  were  lormerly  obtained  from  the  hill  above  Tilly  Whim|| 
near  Swanage,  and  used  in  the  town,  also  at  Corfe,  &c. 

At  Swindon  the  Lower  Purbeck  Beds  have  yielded  tilestones  used  in 
some  of  the  old  buildings  in  North  Wilts  and  at  Devizes. 

None  of  these  stone-tiles  can,  however,  compare  with  those  obtained 
from  the  Stonesfield  and  OoUyweston  Beds  or  from  the  Forest  Marble. 

Hearth  Stone. 

Hearth-stone  has  been  obtained  from  some  of  the  soft  Lower 
Purbeck  Beds  at  Portland. 

The  Aish  is  used  for  holystone,  and  for  whitening  stones  and  passages. 
The  holystone  sent  away  is  obtained  from  the  Base  Bed  of  the  Portland 
freestone. 

Hearth  stone  has  been  also  obtained  from  a  pale  gritty  limestone, 
White  Bed,  18  ins.  to  4  feet  thick,  on  top  of  the  Bag  Beds  belonging  to 
tTpper  Portland  Beds  in  the  Vale  of  Wardour. 
.  ■■     ■  ■  '  ■  > 

*  Outlines  of  the  Geol.  England  and  Wales,  p.  208. 

t  Wilts  Aroh.  Afag.,  1870,  p.  249. 

t  Geol.  Mag.,  1893,  p.  246. 

§  J.  H.  Maodister,  Geologist,  vol.  iv.  p.  215 ;  see  also  H.  B.  W.,  Memoir  on  the 
Lias  of  England  and  Wales,  p.  297, 

II  Fitton,  Trans.  Geol.  Soc.,  ser.  2,  toI.  iT.  p.  209. 
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Road  Metal 

The  Kellaways  Hock  of  Wiltshire  was  in  old  times  used  locally  for  road- 
mending. 

Prof.  Jndd  remarks  that  the  Oxford  Clay,  as  at  Bamsey,  has  been  dag 
and  burnt  as  a  substitute  for  gravel,  a  use  to  which  the  clay  is  frequently 
applied.  It  has  been  so  used  in  Wiltshire,  but  when  the  surface  is 
covered  by  only  6  or  6  inches  of  the  *'  metal,"  it  is  found  unsuitable  for 
heavy  carting. 

The  Corallian  Beds,  more  especially  the  hard  calcareous  sandstones  of 
the  Lower  Calcareous  Grit,  have  furnished  good  material  for  roads,  as  at 
Derry  Hill,  west  of  Calne  (**  Black  stone  "),  near  Oonygre  Farm,  Calne 
(Oonygre  stone),  BuUingdon,  &c.  Sometimes,  as  at  Purton  and  Heading- 
ton,  the  Coral  Bag  is  used. 

In  many  places  in  the  neighbourhood,  the  Westbury  Slag  from  the 
iron-furnaces  has  been  employed  for  i*oad-metal,  though  the  smell  of  it  is 
sometimes  unpleasant. 

South-east  of  Encombe  House,  in  the  Isle  of  Purbeck,  a  rubble  of 
Portland  and  Purbeck  Beds  is  worked  for  gravel. 

On  Portland  the  *'  Hard  Slatt"  of  the  Purbeck  Beds  has  been  used  for 
road-mending,  and  in  the  Isle  of  Parbeck  some  of  the  roads  are  mended 
with  the  waste  material  from  the  quarries :  such  roads  are  white  and 
dusty  or  very  muddy. 

Hard  calciferous  sandstones  in  the  "  Greys  "  of  the  Purbeck  Beds  of 
Sussex  have  been  used  for  road-metal. 

As  before-mentioned,  the  principal  roads  are  now  mended  with  material 
that  is  often  obtained  from  a  distance.* 


Sa7ids, 

At  Casewick,  north-cast  of  Stamford,  sand  for  the  use  of  the  glass- 
maker  and  potter  has  been  obtained. f  Prof.  Judd  mentions  th«t  in  this 
district  irregular  beds  of  whitish  sand  occur  in  the  Kellaways  Beds,  so 
that  probably  this  was  the  deposit  formerly  worked. 

Sands  belonging  to  the  Corallian  Beds  have  been  used  for  mortar,  at 
Pnrton,  Highwortn,  and  ot^ier  places;  and  elsewhere  they  have  been 
utilized  in  brickyards. 

At  Shotover  Hill  in  the  Portland  Beds,  the  white  gritty  sands  (with 
'*  sand  bailers  **)  are  used  for  moulding  bricks,  while  a  lower  bed  just 
above  the  Kimeridge  Clay  yields  a  soft  mealy  sand  used  for  moulding  in 
iron-furnaces  as  "foundry  loam."  Dr.  Percy  remarks  that  casting  sands 
for  moulds  in  foundries  may  contain  93  per  cent,  of  fine  quartzose  sand, 
2  of  ochre,  and  5  of  aluminous  earth  (non-calcareous).^ 

The  sands  belonging  to  the  Spilsby  Sandstone  are  used  for  mortar- 
making,  and  also  in  brickyards.    At  Acre  House  near  Claxby  the  sand, 

being  exceedingly  sharp  and  clean,  is  quarried  and  sent  away  by  rail."§ 


(( 


y' 


Septaria  and  Cement  Stones. 

Septaria  from  the  Oxford  Clay  have  occasionally  been  cut  and  polished 
for  ornamental  purposes  (slabs  and  tables)  as  at  Badipole  and  Melbuiy 
Osmnnd  in  Dorsetshire,  where  the  stone  is  known  as  Melbury  Marble,  or 
Turtle  Stone,  the  waxen  veins  of  calc-spar  forming  its  chief  beauty.  The 
original  name  applied  to  septaria  was  Ludue  HehnonH^W  as  when  cut  they 
resemble  surfaces  of  dice.  (See  p.  17.) 
<      I  ■       ■  I         I  —  III 

*  Memoir  on  theLias  of  England  and  Wales,  p.  12. 
t  Hunt,  Mineral  Statistics  for  1858,  Part  2,  p.  875. 
{  See  Metallurgy,  Befractory  Materials,  Ed.  2,  p.  152. 
§  Eox-Strangways,  in  Geol.  N.  Liucolnshiie,  p.  108. 
II  After  J.  B.  Van  Helmont. 
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Septaria  from  the  Kimeridge  Clay  of  Portland  have  been  cut  and 
polisned,  and  Fitton  mentioned  the  occurrence  of  ^**  Turtle  Stones  "  in 
the  Klimeridge  Clay  west  of  Shaftesbury.* 

Fine  Sejjtaria  occur  in  the  Kimeridge  Clay  near  Horn  castle,  where  they 
are  sold  for  rockeries.  Sometimes  a  gill  or  two  of  water  was  found  when 
the  stones  were  broken.  This  may  have  originated  when  the  concretion 
was  formed,  the  outer  portion  of  which  having  solidified,  the  cavity 
resulted  from  the  shrinkage  of  the  inner  portion.  A  band  of  very  large 
septaria  occurs  in  the  lower  part  of  the  Oxford  Clay  west  of  Bourn. 

deferring  to  a  brickyard  in  the  Kimeridge  Clav  at  South  Willingham, 
Mr.  Strahan  says  that  at  its  base  it  is  fuUof  very  large  septaria,  averaging 
from  3  to  4  feet  in  diameter,  by  about  1}  feet  thickness.  These  septaria 
break  up  readily  in  the  weather ;  the  outer  portions  consist  of  a  Mae 
argillaceous  limestone  of  an  earthy  texture,  traversed  by  cracks  filled,  or 
paxtly  filled,  with  dogtooth  calcite ;  in  the  centre  is  a  heart  almost  entirely 
made  up  of  calcite.  This  limestone  was  sent  to  Hull  to  be  tried  for 
hydraulic  cement  but  proved  worthless.t 


Lime  and  Cement 

Lime  for  building  and  agricultural  purposes  is  made  from  the 
limestones  belonging  to  the  Corallian,  Portland,  and  Purbeck 
Beds. 

The  Corallian  beds  are  thus  employed  in  various  localities — the  lime 
from  the  coral-rocks  being  in  some  places  of  a  stronger  nature  than  that 
made  from  the  Coralline  Oolire. 

Occasional  bands  of  limestone  in  the  Oxford  and  Ampthill  Clays,  as 
at  Husborne  Crawley,  (where  the  rock  is  known  as  "hurlock,")  and  at 
Ckimlingay,  are  burnt  for  lime. 

Portland  Beds  on  Portland,  at  Portisham  and  IJpway,  and  in  the  Isle  of 
Furbeck  are  burnt  for  lime.  In  the  Vale  of  Wardour  the  chalky  lime- 
stones are  burnt  at  Chilmark  and  Wockley;  so  also  are. some  of  the 
Portland  Beds  in  Oxfordshire  and  Buckixu^ainshire. 

The  cap-beds  belonging  to  the  Purbeck  Beds  of  Portland,  and  some  of 
the  soft  earthy  Purbeck  limestones  at  Wockley  and  Swindon  are  burnt}  for 
lime. 

The  Coralline  Oolite  of  Westbury  is  used  a|i  a  flux  in  the  adjoining 
ipon-ftaiaces.t 

Portland  or  Hydraulic  cement  has  been  made  from  the  cement-stones  in 
the  Kimeridge  clay  of  the  Isle  of  Purbeck.  Mr.  B.  Green  remarks  that 
^'  The  only  seam  wnich  has  now  any  value  is  the  '  East  Ledge,'  2  ft.  10  ins. 
thick. "§  I  am  informed  by  Mr.  Strahan  that  ooment-stones  were  lately 
worked  by  levels  driven  into  the  cliff,  close  by  where  the  Kimeridge 
"  coal "  was  worked  in  a  similar  manner.  Formerly  the  cement-stones  of 
Broad  Bench  were  emploved  for  maldng  cement,  being  sent  over  to 
Medina,  in  the  Isle  of  Wight. 

Hydraulic  Lime,  miscalled  ''  Blue  Lias  Lime,"  is  made  from  the  Lower 
Purbeck  Beds  at  Upway. 

The  limestones  of  the  Purbeck  Beds  in  Sussex,  known  as  the  Sussex 
limestone,  were  at  one  time  largely  worked  for  making  lime  both  for 
building  and  agricultural  purposes.  An  account  of  the  beds  and  the 
method  c5r  working  them  has  been  published  by  Mr.  C.  GTould.  The  Blue 
limestone  was  considered  to  make  by  far  the  best  lime  for  building- 

-         ■■ -  -  U   ■  II ■ ^ 

*  Trans.  Geol.  See,  ser.  2,  vol.  iv.  p.  2i56. 

t  Geol.  Lincoln,  p.  81. 

X  An  analysis  of  the  limestone  has  been  published  by  G.  C.  GreenweU,  Proo. 
8.  Wales  Inst.  Civ.  Eng.,  vol.  i.  p.  811. 

§  Kimmeridge  Shale,  its  Origin,  &c.,  1886,  p.  21.  i^nalyses  of  Septaria  vary  very 
mnch,  see  for  instance  that  of  Septaria  fix>m  Oxford  Clay  of  Bietdiley  by  A« 
Tinuning.    Geol.  Mag.,  1889,  p.  357. 
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purposes,  but  the  **  Greys  "  were  by  many  considered  equal  to  the  "  Blues  " 
for  agriculture. 

In  Archer  Wood  shafts  were  sunk  to  various  depths  up  to  110  feet,  and 
galleries  were  then  driven  in  certain  directions.  In  liimekiln  Wood, 
and  over  a  portion  of  Archer  Wood,  the  stone  was  obtained  by  means  of 
Bell  Fits.  A  circular  shaft  4  feet  in  diameter  was  sunk  for  20  feet.  The 
quarry  men  then  commenced^to  **  bell  "  it  out,  increasinjR  the  diameter  with 
tne  depth,  so  that  eventually  the  base  of  a  pit  50  or  55  feet  deep  was  as 
much  as  20  feet  across.  No  timbering  was  necessary  unless  horizontal 
galleries  were  driven  from  the  base  of  the  pit.  The  lime  made  was  more 
or  less  hydraulic  in  character,  and  some  beds  of  the  stone,  especially  the 
"  Bastard  Blues,"  were  considered  suitable  for  making  hydrauHc  cement.* 


Gypsum. 

The  Lower  Parbeck  Beds  of  Durlston  Bay,  near  Swanage, 
have  yielded  a  good  deal  of  gypsum,  but  the  material  is  not  now 
worked,  and  during  recent  years  only  fallen  masses  have,  from 
time  to  time,  been  collected  upon  the  shore.  Formerly  the  base 
of  the  cliff  was  cut  away  to  work  the  gypsum,  which  was  said  to 
occar  in  masses  from  2  to  20  feet  in  diameter,  containing  from 
1  to  20  tons.t 

Gypsum  or  white  alabaster  was  discovered  in  the  Purbeck 
Beds  at  Netherfield,  near  Battle,  by  the  stream  between  Snep's 
Wood  and  Great  Wood,  during  the  Sub-Wealden  Boring. 

After  passing  through  119  feet  of  strata,  a  bed  of  gypsum  6  feet  thick 
was  penetrated,  then  5  feet  of  shales,  then  4  feet  of  gypsum,  then  16  feet 
of  shales,  and  afterwards  a  third  seam  of  gypsum  7  feet  thick  was  proved. 

In  1876,  the  amount  raised  was  234  tons,  valued  at  70Z. 

The  gypsum  is  used  in  the  preparation  of  Plaster  of  Paris,  and  in 
Keene's  and  Parian  cements.  The  waste  stuff  has  been  sold  at  20«.  per 
ton  for  use  as  manure  in  parts  of  Kent  and  Surrey.  Columnfl  about 
one  foot  in  length  were  fashioned  for  a  font  at  Bexhill. 

The  following  are  the  particulars  of  the  production  of  Gypsum  at  the 
works  of  the  Sub-Wealden  Gypsum  Company,  Mountfield,  near  Battle: — 


Tons. 

Valae 
at  the  Mine. 

1882      .     .     -     -     . 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

1891 

1892      -     .     -     .     . 
1898      ..... 
1894 

8,750 
8,720 
7,178 
5,767 
5,357 
4,944 
5,101 
3,166 
3,947 
4,109 
5,310 
6,162 
7,626 

£ 
9,479 
9,450 
7,537 
5,478 
1,500 
3,615 
3,732 
2,170 
2,768 
2,876 
2,969 
3,088 
3,677 

*  Topley,  Geology  of  the  Weald,  pp.  384-387. 
t  See  alao  Engl^eld's  Isle  of  Wight,  p. 
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Alum. 

Alum  was  prepared  from  the  Kimeridge  Clay  of  Kimeridge  in 
the  1 6th  century,  when  Alum-works  were  erected.*  It  occurs  as 
an  efflorescence  on  the  surface  of  some  of  the  shales  in  this 
formation^  and  also  in  the  Furbeck  Beds. 

Ooprolites. 

*' Coprolites"  or  phosphatic  concrotions  and  phospbatized  fossils  are 
fonnd  in  small  quantities  in  the  Kimeridge  Clay,  more  especially  at  the 
base,  and  at  the  base  of  the  Portland  Stone.  Coprolites  hare  been  observed 
in  the  Corallian  Oolite  at  Osmington.f 

Mr.  Jakes-Browne  thought  that  the  phosphatic  band  at  the  base  of  the 
Spilsby  Sandstone  **  might  in  some  places  be  worth  working  for  economic 
purposes'*  Analyses  by  Mr.  Grant- Wilson  and  Mr.  M.  Staniland  showed 
about  46  per  cent,  of  phosphate  of  lime.J 

Brick  Earth  and  Tile  Clay. 

Clays  used  for  brick  and  tile-making  and  for  drain-pipes  are 
obtained  from  the  Oxford  Clay,  the  Corallian  Beds,  the 
Kimeridge  Clay,  and  the  Portland  Beds.  In  all  these  formations 
the  character  of  the  clay  is  subject  to  much  variation.  Some 
.  examples  of  bricks  and  brick-clays  are  now  exhibited  in  the 
Museum  of  Practical  Geology. 

The  Oxford  Clay  is  perhaps  the  most  extensively  dug  over  the  area, 
although  some  of  the  smaller  brickyards  are  beine  abandoned  through 
the  competition  of  larger  works,  where  elaborate  machinery  is  employed  in 
the  manufacture  of  the  bricks. 

The  milder  earths  in  the  Kellaways  Series  or  those  passage-beds  that 
occur  at  the  junction  of  the  Oxford  Olav  and  Lower  Corallian  Beds,  or 
at  the  junction  of  the  Kimeridge  Clay  and  Lower  Portland  Beds,  are  best 
adapted  for  brickmaking,  for  the  sand^  clays  yield  bricks  that  better 
withstand  the  weather  thaji  those  made  n*om  stifier  clay. 

The  bricks,  &c.  made  from  the  Oxford  CloAi  are  usually  red,  but  in 
many  cases  they  are  mottled  pale  red  and  yellowish-white :  the  colour 
being  dependent  partly  on  the  calcareous  character  of  the  clay ;  but 
mainly  on  their  being  burnt  in  a  reducing  atmosphere,  which  as  Mr.  A.  B. 
Dick  informs  me,  leads  to  the  formation  of  the  silicate  of  protoxide 
of  iron.  Li  some  places  chimney-pots,  flower-pots,  and  ornamental 
bricks  are  made. 

There  are  important  brickyards  at  Weymouth,  Melbury  Osmund,  Trow- 
bridge, near  Seend,  Chippen'ham,§  Oxford,  Fenny  Stratford,  Bedford,  St. 
Neot's,  Peterborough  (Iletton,  &c.),  Ramsey,  Ac. 

In  Oxfordshire  and  Buckinghamshire,  tne  men  usually  dig  the  clay 
"  after  the  turn  of  the  days,"  tnat  is  after  Christmas. 

Good  brickearth  is  obtained  from  the  Kellaways  Beds  near  Bedford. 
As  remarked  by  Mr.  Cameron,  the  loam  or  *'  lam  earth,"  as  it  is  called, 
is  mixed  with  the  stifler  basement  clay  (Kellaways  Clay),  thus  lessening 
the  liability  in  the  material  to  contract  and  crack  in  drying,  as  happens 
when  the  **  strong  *'  basement-clay  alone  is  used.|| 

Clays  belonging  to  the  Kellaways  Beds  are  worked  at  Oundle,  South- 
wick,  Benefieid,  Dogsthorpe,  Uffington,  iKate's  Bridge  near  Thurlby, 
and  Warmington ;  and  Prof.  Judd  remarks  that  bricks  made  from  these 

*  See  Manseil-PleydeU,  Free.  Dorset  Nat.  Hist.  Club,  vol.  xv.,  p.  174. 
t  Buckland,  Trans.  Geol.  Soc.,  ser.  2,  vol.  iii.  p.  232. 
i  Geol.  East  Lincolnshire,  p.  184. 

I  An  analysis  of  clay  from  the  brickworks,  at  Canal  Bank,  Chippenbam,  is  given 
by  G.  Maw,  Quart.  Joum.  Qeoi.  Soc,  toL  xxiv.  p.  357. 

II  Geol.  Mag.,  1898,  p.  67. 
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sandy  beds  are  much  snperior  in  qnalitj  to  those  manufactuted  from  the 
Oxford  Clay,  especially  in  respect  to  the  amount  of  heat  which  they  will 
bear.*i 

At  Over  Field,  north  of  Long  Stanton,  clay  has  been  dug  for  **  clay- 
lumps  **  or  sun-dried  bricks,  used  for  bams  ana  hovels. 

Bricks  have  been  made  from  Corallian  Beds,  from  the  Sandsfoot  Clays 
at  Weymouth,  and  from  loamy  clay  at  High  worth ;  also  from  the 
Ampthill  Clay  at  Boxworth,  in  Cambridgeshire,  and  at  Gamlingay,  where 
red  and  white  bricks  are  made  at  the  Belle  Vue  Steam  brickworks. 

At  Boxworth  the  clay  is  of  variable  character,  for  that  from  the  higher 
part  of  the  pit  was  not  found  so  good  for  bricks,  as  they  swell  after  being 
shaped,  and  bum  in  uneven  forms.  Good  6-inch  and  other  drain-pipes 
are  made.  I  was  informed  that  the  brick-makers  used  to  be  paid  3«.  6d. 
per  thousand  bricks,  30  or  40  years  ago ;  now  they  want  4s.  6d.,  and  do 
not  do  their  work  so  well. 

The  Kimeridge  Clay  is  largely  used  for  brick-making,  and  also  for  the 
manufacture  of  ornamental  tiles,  flower-pots,  &c.  Most  of  these  bricks, 
tiles,  and  pipes  are  red,  but  in  some  places  white  bricks  are  made  by  the 
addition  of  chalk. 

There  are  brickyards  at  Gillingham,  Swindon,  Heading! on.  Brill,  Ely, 
Downham  Market,  near  Market  Basen,  Horncastle,  West  Ashby,  and 
many  other  places.f 

At  Roslvn  Hole,  Ely,  the  Clay  has  been  used  for  mending  the  Fenland 
dykes,  and  repairing  the  banks  of  the  River  Cam. 

At  Brill  where  the  lower  Portland  Beds  pass  down  into  the  Elimeridge 
Clay  the  higher  portion  (equivalent  to  the  Hartwell  Clay)  furnishes  a 
**  mild  earth  "  well  adapted  for  brick-making,  while  below  the  clay  is 
stifier  and  suitable  for  making  tiles  and  drain-pipes. 

From  the  Furbeck  Beds  of  Poundsford,  in  Sussex,  an  unctuous  blue 
clay  "has  been  used  with  some  success  as  a  pigment."^ 

Irox  Ore?. 

Oolitic  iron-ore,  known  commercially  as  "brown  haematite,*' 
occurs  in  the  Corallian  Bocks  at  Abbot  sbury,  and  Westbury,  and 
it  has  for  many  years  been  worked  at  the  latter  place.  A  band  of 
oolitic  iron-ore  has  been  proved  to  occur  near  the  junction  of 
Kimeridgian  and  Corallian  Beds  in  the  Dover  Boring.  (See 
pp.  150,  343.)  At  Claxby,  in  Lincolnshire,  there  is  also  an  oolitic 
iron-ore,  which  occurs  on  the  border-line  between  the  Jurassic  and 
Neocomian  Strata,  and  this  has  at  times  been  worked. 

In  the  formntion  of  these  ironstones  the  evidence  all  tends  to 
show  that  the  ore  was  introduced  subsequently  to  the  accumu* 
lation  of  the  strata,  in  the  form  of  carbonate  of  iron,  which  has 
replaced  the  oolite  grains  where  present,  as  well  as  certain  organic 
remains  and  other  calcareous  portions  of  the  strata.  Along  the 
outcrop  the  ironstone  has  been  weathered  and  rusted  into  the 
form  of  brown  haematite,  while  deeper  beneath  the  surface,  and 
especially  where  protected  by  coverings  of  clay,  the  iroa-ore 
remains  in  the  form  of  carbonate,  and  thus  retains  its  original 
bluish-grey  colour. 

Messrs.  Blake  and  Hudleston  descrilje  the  Abbotsbury  ironstone  as 
containing  particles  of  rounded  and  subangular  quartz-grit  and  coffee- 
coloured  granules  about  the  size  of  a  pin's  head.  The  granule  may 
perhaps  be  called  an  oolitic  grain  of  the  hydrous  oxide  of  iron ;  **  but 

*  Gcol.  Rutland,  &c.,  pp.  232,  234,  235. 

t  An  analysis  of  Kimeridge  Clay  from  Westbury,  Wiltshire,  was  given  by  J.  D. 
Kendall,  Trans.  N.  of  Eng.  Inst,  of  Mining  PJngineers,  vol.  xxxv.  p.  156. 
J  Topley,  Geol.  Wenld,  p.  38. 
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eyen  tho  outer  skin  is  not  pure  oxide ;  and  after  treatment  with,  acid  there 
remains  a  residue  presenting  a  sphere-on-sphere  structure,  hollow  within,, 
and  composed  of  a  uniform  subcrvstalline  material,  tho  greater  part  being 
silica."  An  analysis  given  by  them  showed  that  the  granules  contain 
about  73*  57  per  cent,  of  ferric  oxide.* 

The  siliceous  structures  in  the  oolite  grains  are  similar  to  those 
noticed  by  Mr.  A.  B.  Dick  in  the  Cleveland  iron-ore ;  by  Prof.  Judd, 
in  the  Northampton  iron-ore  ;  by  Mr.  TeaU  in  those  of  Frodingham 
and  Westbury  ;  and  by  Mr.  Staniland  in  that  of  Olaxby.t 

Near  Sturminster  Newton  I  found  traces  of  iron-ore  on  the 
same  horizon  as  that  of  Abbotsbury.     (See  p.  102.) 

The  beds  at  the  Westbury  Iron- works  are  described  by  Messrs.  Blake 
and  Hudleston  as  comprising  **  an  oolitic  ironstone  more  or  less  mixed  up 
with  black  argillaceous  ore.  It  is  almost  free  from  grit,  and  exists  partly 
as  ferrous  carbonate,  and  partly  as  hydrated  peroxide.  ...  In  the 
oolitic  portions  of  the  stone,  oxidation  has  progressed  to  a  greater  extent 
than  in  the  black  earthy  portions,  which  are  almost  in  the  condition  of 
clay  ironstone.  The  chief  difference  between  this  and  the  granules  of 
Abbotsbury  consists  in  the  greater  abundance  of  phosphoric  acid."  J 

Under  the  microscope  the  ironstone,  as  noted  by  Mr.  Teall,  shows 
reddish-brown  oolitic  grains  with  concentric  structure  in  a  dark  yellowish- 
green  matrix.  The  matrix  contains  a  large  number  of  colourless  crystal- 
lino  and  detached  grains  of  calcite  of  fairly  uniform  site,  and  much 
smaller  than  the  oolitic  grains.  The  nuclei  of  the  larger  oolite  grains  are 
in  many  instances  broken  fragments  of  other  grains.  The  residue,  afler 
treatment  with  hydrochloric  acid,  consists  of  siliceous  oolitic  balls 
(soluble  in  a  solution  of  caustic  potash),  and  of  mjbaute  angular  fhigments 
of  oligoclase  and  quartz. § 

The  Westbury  ore  was  first  worked  about  the  year  1856,  and 
the  annual  quantity  of  ore  raised,  has  yaried  from  5,000  tons 
(1856)  to  105,929  tons  (1873).  Of  later  jrears  the  Mineral 
Statistics  prepared  by  H.M.  Inspectors  of  Mines,  and  published 
by  the  Home  Department,  giye  the  following  particulars  up  to 
1885,  after  which,  excepting  in  1892,  the  returns  have  not  been 
separately  stated : — 


Years. 

No.  of 
Furnaces. 

In 
Blast. 

Tons. 

Ayerage 

per-centage 

of  Iron. 

Value  of  the 

Ore  at  the 

Mine  or 

Open  Work. 

1882 
1888 
1884 
1885 
1892 

3 
3 
3 
3 
2 

2 
2 
1 
1 

1 

98,176 
92,114 
62,234 
07,489 
70,866 

40  00 
40*00 
40-00 
40*00 
80-00 

19,835 
18,445 
12,446 
13,498 
33,661 

In  1890  and  1891  there  were  but  two  Blast  Furnaces,  and  one  only  in 
blast,  and  the  aycrage  pcr-centage  of  iron  was  then,  as  now,  stated  to  be 
30.  This  is  no  doubt  due  to  the  fact  that  most  of  the  richer  brown  ore 
has  been  quarried. 

•^   m  -,-■-■  ■—  .-1..-  ■  __  . 

♦  Quart.  Joum.  Geol.  Soc.,  ▼ol.  zxxiii.  pp.  274,  275. 

t  See  also  Memoir  on  the  Lias  of  England  and  Wales,  p.  302  ;  Memoir  on  tho 
Lower  Oolitic  Kocks  of  England,  p.  496. 

X  Quart.  Joum.  Geol.  Soc,  vol.  xxxiii.  p.  283 ;  see  also  A.  C.  Cnittwell,  Geology 
of  Frome,  p.  18. 

§  See  Memoir  on  the  Lower  Oolitic  Bocks  of  England,  Plate  II.,  Fig.  12,  p.  28. 
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Analyses  of  Iron-ore. 


I. 

n. 

III. 

IV. 

Peroxide  of  iron - 

43-97 

59-93 

1-32 

52*86 

Protoxide  of  iron 

_ 

— . 

47-25 

— 

Alumina  -                         -            - 

~- 

3-22 

5-46 

6-46* 

Lime       -            -            -            - 

Trace 

1-84 

0-74 

2*00 

Magnesia             ... 

1-40 

0-84 

0-36 

1-57 

Chloride  of  sodiam 

Trace 

— 

— 

— 

Solphuric  acid      -            -            - 

— . 

— 

0-10 

Trace. 

Carbonic  acid       -            -            - 

— 

1-45 

30-01 

2-94 

Phosphoric  acid  -            -            - 

— 

— 

Trace 

0-24 

Insoluble  Biliceons  matter 

42*60 

18*99 

14-72 

17*26 

Water      -           -           -           - 

11-SS 

13-70 

— 

16*16 

99-85 

99-97 

99-96 

99-48 

Metallic  Iron 

30-78 

41-95 

37-67 

37*00 

I. — ^Analysis  of  Abbotebury  Iponstone,  made  (before  1860)  by  Prof. 
G.  D.  Liveing.    See  Damon's  Geology  of  Weymouth,  1884,  p.  48. 

H.-^AnalysiB  of  Brown  Ironstone  of  Westbury,  given  by  J.  D.  Kendall, 
Iron  Ores  of  Great  Britain  and  Ireland,  1893,  p.  247.  Another  analy8i» 
recorded  by  G.  C.  Greenwell  (Proc.  S.  Wales  Inst.  C.  B.,  Yol.  I.,  p.  811) 
gives  65  per  cent,  of  peroxide  of  iron,  and  45  of  metallic  iron. 

HL — ^Analysis  of  Green  Ironstone  of  Westbnn^,  given  by  J.  D.  Kendall. 
The  bine  ironstone  is  said  to  yield  from  49  to  55  per  cent,  of  carbonate  of 
protoxide  of  iron,  and  from  3o  to  43  per  cent,  of  metallic  iron.  Yanadiam 
was  noticed  in  an  analysis  by  E.  Biley,  Jonm.  Chem.  Soc,  Yol.  II.,  1864, 
p.  21. 

lY. — Analysis  of  the  Olaxby  iron -ore,  given  by  J.  D.  Kendall,  op.  cit,, 
p.  250. 

In  the  Claxby  iron-ore,  as  described  by  Mr.  M.  Stisiniland,  the  ^prains 
appear  "  almost  perfectly  spherical,  polished,  and  about  the  size  of 
millet  seed.  They  are  made  up  of  alternating  concentric  layers  of  clear 
silica  and  opaque  hydrated  sesquioxide  of  iron."  An  analysis  of  the 
grains  gave  the  following  results: — 

Silica 5-34 

Sesquioxide  of  iron  -  -  -  -      76 '76 

Moisture    ---.-.      16'17 


98-27 


The  per-centage  of  metallic  iron  was  reckoned  to  be  53 '73  per  cent.f 

More  iron-ore  is  now  obtained  from  the  Juradsic  rocks  of  this 
country  than  from  other  formations  :  and  as  already  pointed  out 
beds  have  been  profitably  worked  in  the  Lower  Lias,  Middle 
Lias^  Northampton  Beds,  and  Corallian  Bede. 

In  all  these  cases  the  iron-ore  is  local,  equivalent  beds  beings 
simply  clays,  sands,  or  limestones.  The  mo^t  wide-spread  horizon 
is  that  of  the  Middle  Lias  which  from  Fawler  io  Oxfordshire  to 
the  Cleveland  Hills  has  at  intervals  yielded  a  valuable  iron-ore> 
and  a  bed  of  identical  character  was  found  by  myself  in  the  island 
of  Kaasay,  in  the  Inner  Hebrides. 

*  Inclading  manganese. 

t  Strahan,  Geol.  Lincoln,  p.  95.  See  also  Analysis  of  the  Handleby  iron-ore,  bjr 
Grant-Wilson,  Jukes-Browne,  Geol.  East  Lincolnshire,  p  133. 
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In  all  cases  the  iron-ore  appears  to  *  be  due  to  the  local  con- 
centration of  ferruginous  matter  and  to  the  fact  that  thi^  has 
replaced  calcareous  beds — limestones  more  or  less  oolitic  and 
fossiliferous. 

Gradations  occur  between  the  beds  that  are  of  value  as  an  iron- 
ore  and  those  which  contain  too  small  a  per-centaffe  of  metal  to  be 
of  service.  Iron-shot  limestones,  beds  of  more  or  less  earthy  lime- 
stone with  grains  of  iron-ore,  are  of  frequent  occuiTence,  and 
particular  layers  have  been  noted  in  the  Lower  Lias  of  Radstock, 
in  the  Marlstone  of  many  areas,  in  the  Cephalopoda-bed  of  the 
Cotteswold  Hills,  in  the  Inferior  Oolite  of  Dorset,  and  in  the 
Upper  Coral-rag  of  Eingstead  Bay.  These  limestones  owe  their 
iron-shot  appearance  mainly  to  the  replacement  of  calcareous 
oolite  grains  by  iron-ore,  but  sometimes  to  the  similar  replacement 
of  tiny  fragments  of  organisms. 

Here  and  there  we  find  that  the  iron-ore  occurs  in  nodular 
bands  as  at  the  top  of  the  Lower  Lias  in  Gloucestershire,  in  the 
ironstone  junction-bed  at  the  base  of  the  Upper  Estuarine  Series 
and  occasionally  in  the  Great  Oolite  Clay.  In  this  form  it  appears 
to  be  due  to  local  8egi*egation,  and  some  of  the  ochreous  nodules 
suggest  that  the  ferruginous  matter  gathered  round  nuclei  of  clay, 
such  as  might  have  originated  as  clay-pebbles. 

The  iron-shot  limestones  (Inferior  Oolite)  o£  Dorset  pass  in 
places  into  a  bed  having  35  per  cent,  of  peroxide  of  iron. 

In  the  Lincolnshire  Limestone  we  find  that  the  upper  strata 
that  lie  beneath  the  Upper  Estuarine  Beds,  are  tinged  various 
shades  of  red,  as  in  the  Crash  Bed.  This,  however,  may  be 
usually  attributed  to  staining  from  the  ironstone  junction-bed 
above. 

The  stratigraphical  features  of  the  main  beds  of  ironstone  are 
somewhat  varied.* 

The  Frodingham  iron-ore  in  the  Lower  Lias  of  Lincolnsshire, 
lies  between  masses  of  shale  and  clay.  The  Northampton  iron- 
ore  rests  on  a  mass  of  Upper  Lias  clay,  and  U  covered  usually  by 
sands  with  occ^onal  clay  bands. 

On  the  oiher  hand  the  Marlstone  iron-ore  is  covered  by  a  mass 
of  Upper  Lias  clay,  and  usually  rests  on  semi-porous  beds  of 
sandy  shale  or  even  of  sand  ;  the  very  ferruginous  oolite  in  Dorset 
rests  on  sands  and  is  overlaid  by  buff  earthy  and  oolitic  lime- 
stones ;  the  Coral  Han  iron-ore  of  Wcstbury  is  overlaid  by  a  mass 
of  Kimeridgo  Clay,  and  rests  on  a  thin  semi-porou3  band  of  sand 
and  laminated  clay,  beneath  which  are  pale  oolites  and  marls ; 
the  Claxby  iron-ore  rests  on  sands  and  sandstone  (Spilsby 
Sandstone)  and  is  overlaid  bj^  the  Tealby  Clay. 

The  organic  remains  in  the  various  beds  of  iron-ore,  though 
found  for  the  most  part  as  moulds  and  casts,  are  sometimes 
replaced  with  carbonate  of  iron,  with  the  exception  of  shells  like 
Pecten  and  Ostrea  which  retain  their  calcareous  substance,  and 
are  found  in  layers  in  the  Lias  and  Corallian  iron  ores.     In  the 


♦  See  a' 80  Ken  ill,  Iron  Ores  of  Great  Britain,  1893,  pp.  252,  312. 


IBON   ORES.  327 

Cleveland  ore,  as  pointed  out  by  Dr.  Sorby,  some  of  the  shell- 
structures  have  been  replaced  by  carbonate  of  iron. 

That  the  replacement  has  been  gradual  and  in  some  cases 
partial,  is  shown  by  the  fact  that  both  shell  structures  and  oolite 
grains  sometimes  contain  inner  portions  of  carbonate  of  lime. 
Analogous  partial  replacement  has  been  found  in  the  chert  with 
oolite  grains  (p.  234). 

That  the  iron-ore  was  introduced  subsequently  to  the  deposition 
of  the  strata  is  amply  proved  by  the  state  of  presentation  of  the 
organic  remains.* 

Mr.  Hudleslon  in  drawing  attention  to  the  abundance  in  some 
iron-ores  of  large  Monomyaria,  such  as  Ostrea,  Lima^  PecteUy  &o., 
remarked  "  that  where  this  feature  occurs  there  is  often  a  lar^e 
charge  of  phosphorus  in  the  ore,  due  in  part  at  least  to  the 
decomposition  of  the  animal  matter  of  these  molluscs  and 
associated  organisms."t  Referring  to  the  Northampton  iron-ores, 
he  suggests  that  they  have  been  formed  by  the  replacement  of  lime- 
stone. The  rock  was  originally  a  sandy  oolitic  limestone,  and  in 
the  first  place  carbonate  of  iron  replaced  the  carbonate  of  lime — 
the  strata  being  saturated  for  a  considerable  period  with  waters 
holding  bicarbonate  of  iron.  Afterwards  through  the  actio  :i  of 
surface-waters  the  carbonate  of  the  protoxide  of  iron  has,  aljng 
the  outcrop  of  the  beds,  been  converted  into  the  ordinary  hydratcd 
peroxide.  H^  ctm^iHers  that  the  Northampton  ore  was  derived 
from  the  overlying  Estuariae  Sands,  which  contain  much  lignite, 
and  that  the  action  of  organic  acids,  due  to  the  decomposition  of 
woody  matter,  would  serve  to  leach  out  the  iron  from  these 
overlying  beds.J 

Mr.  Kendall  believes  that  the  direct  source  of  the  iron  was  in 
many  cases  the  clay  contiguous  to  the  deposit.^. 

Neither  of  these  views  seems  wholly  satisfactory,  but  we  may 
infer  that  the  iron-ore  was  derived  from  ferruginous  waters  that 
percolated  underground  for  long  distances  when  the  strata  were 
buried  deep  beneath  newer  accumulations. 

Lignite  and  Bituminous  Shales. 

Fruitless  trials  for  coal,  based  sometimes  on  the  occurrence  of 
dark  shales,  lignite,  or  bituminous  shale,  were  made  in  old  times 
in  several  localities  in  the  Oxford  and  Kimeridge  Clays.  (See 
also  p.  22.) 

Such  trial-borings  have  bccu  made  in  the  Oxford  Clay  near  Brewhamg 
(see   J).  22);  at  Malmesbury  (300  feet  deep)  | ;  and  also  near  Melksham, 


*  With  reference  to  the  original  sources  of  iron-ore  see  Hudleston,  Proc.  Geol. 
Assoc,  vol.  xi.  p.  108  ;  and  Review  by  J.  J.  H.  Teall^  of  J.  H.  L.  Vogl*8,  Formation 
of  Iron-ore  Deposits,  Geol.  Ma^.,  1892,  p.  82. 

t  Proc.  Greol.  Assoc.,  vol.  xiii.  p.  138. 

X  Proc.  Geol.  Assoc,  vol.  iv.  p.  123,  and  vol.  xi.  p.  123  ;  sec  also  Jadd,  Geol. 
Rutland,  &c,  pp  J^5,  131. 

§  J.  Phillips  in  Mem.  William  Smith,  p.  6C ;  Conybeare  and  Phillips,  Geol. 
England  and  Wales,  p.  195. 

J.  Buckman,  Geologist,  vol.i.  p.  184;  Quart.  Journ.  Geol.  Soc.  vol.  ziv.  p.  125. 

e     82428.  T 
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where  the  trial  resulted  in  the  finding  of  a  mineral  water  and  the  estab- 
lishment of  the  Melksham  Spa.     (See  pp.  27,  340.) 

Again,  at  Eynsham  Heath,  near  Oxford,  the  presence  of  bituminous 
shale  in  the  Oxford  Clay  led  to  a  fruitless  search  for  coal.* 

At  Abbots  Ripton,  near  Huntingdon,  a  fruitless  trial-boring  was  made ; 
and  again  at  Ampthill,  as  I  was  informed  by  Mr.  Cameron,  a  boring  was 
carried  though  the  Lower  Greensand,  and  Ampthill  Clay,  into  the  Oxford 
Clay,  to  a  total  depth  of  about  400  feet. 

A  fruitless  boring  was  made  many  years  ago  in  the  Kimeridge  Clay,  in 
ground  called  Richmond  near  Twiford  and  Whitings,  to  the  west  of 
Mclbury  Abbas,  and  to  the  south  of  Shaftesbury  in  Dorsetshire.  At 
the  depth  of  40  feet  **  black  grit-stone,"  and  a  large  vertebra  were  found, 
and  at  a  depth  of  80  feet  clay- stone  (soptarium).t 

Other  borings  in  search  of  coal  have  been  made  in  Bngley  Wood  near 
Oxford,  at  Brill,t  and  again  at  Old  Bolingbroke  (600  feet),  at  Woodhall 
(1,020  feet),  and  Donnington-upon-Bain  (309  feet)  in  Lincolnshire. 

In  the  case  of  Woodhall  the  ooring  resulted  in  the  finding  of  a  saline 
gpring  and  the  establishment  of  the  Woodhall  Iodine  Spa.§ 

Mr.  R.  N.  Mantell  noted  the  occurrence  in  the  Oxford  Clay  at  Studley, 
south  of  Trowbridge,  of  bituminous  unctuous  shales,  remarking  that 
'*  This  clay  emits  a  brilliant  gas  when  burnt,  and  I  have  frequently  used 
it  to  illuminate  my  room."|| 

Thin  beds  of  bituminous  shale  were  proved  in  borings  in  the  Oxford 
Clay  at  Swindon  and  also  at  Bletchley. 

Lignite,  like  Kimeridge  Coal,  was  stated  by  Fitton  to  occur  near  Steeple 
Ashton  ;%  and  strata  of  a  bituminous  nature  (said  to  have  been  used  for 
coal)  were  discovered  in  sinking  a  shaft  at  the  brickyard  on  the  north 
side  of  the  Bath  road,  near  the  foot  of  Devizes  Hill.** 

Mr.  Jukes-Browne  has  noticed  the  occurrence  of  black  bituminous 
shales  at  Old  Bolingbroke,  which  led  to  the  fruitless  search  for  coal 
before  mentioned ;  he  also  states  that  at  East  Keal  black  shale  that 
"would  bum  almost  like  coal"  was  found  about  20  feet  down  in 
sinking  welln.      This   ''is  evidently  the  same  bed  as  that  found  near 

Bolingbroke.''tt 

At  the  brick-kiln  near  South  Willingham,  according  to  Mr.  A.  Strahan,  Jt 
"Below  the  layer  of  septaria  there  occur  bands  of  hard  inflammable  oil 
shale,  locally  known  as  **  dice."  The  bands  are  4  to  6  inches  thick,  and 
are  separated  by  blue  clay.  Fragments  of  dice  readily  blaze  when  dry, 
and  leave  a  copious  grey  ash,  giving  ofi*  a  most  offensive  smell  while 
burning.  It  is  said  that  the  clay  from  this  pit,  when  made  up  into  bricks 
and  ignited  in  the  kiln,  to  a  certain  extent  supports  combustion,  giving 
off^  a  poisonous  vapour  that  is  highly  prejudicial  to  vegetation.  About 
Willingham  water  is  got  in  Pome  of  the  shallow  wells  from  the  beds  of 
dice.     Some  of  the  water  is  ferruginous  and  smells  offensively." 

Similar  beds  of  dice  or  inflammable  shale  were  proved  in  the  deep 
boring  at  Donnington.  Mr.  Strahan  says  these  banas  of  shale  probably 
nm  through  the  whole  district,  but  they  are  very  rarely  seen  from  want 
of  good  sections. 

Coaly  matter  has  aleo  been  found  in  a  well-boring  at  Driby  in  Lincoln- 
shire ;  and  in  the  Acre  House  Mine,  near  Claxby,  a  thin  bed  of  highly 
inflammable  shale  was  met  with  below  the  Spilsby  Sandstone. §§ 

♦  C.  S.  Kead,  Journ.  R.  Agric.  See.  vol.  xv.  p.  197. 
t  J.  Woodward,  Nat.  Hist.  Foss.  Eng.,  Tome  II.  pp.  52  and  99. 
X  Phillip?,  Mem.  William  Smith,  pp.  66,  67. 
§  Strahan,  Geol.  Lincoln,  pp.  Si,  208. 

II  Quart.  Joum.  Geol.  See,  vol.  vi.  p.  313 ;  Damon,  Geol.  Weymouth,  J 884,  p.  24. 
■JT  Trans.  Geol.  See,  ser.  2,  vol.  iv.  p.  269. 
♦♦  Lonsdale,  Ibid.,  vol.  iii.  p.  265. 
tt  Geol.  East  Lincolnshire,  p.  10. 
tX  Geol.  Lincoln,  p.  81. 

§§  Judd,  Quart.  Joum.  Geol  Soc,  toI.  xxvi.  p.  331 ;  and  Ussher,  Geol.  N, 
Lincolnshire,  p.  107. 
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Attempts  have  been  made  from  time  to  time  to  found  profitable 
works  for  the  distillation  of  the  Kimeridge  Shale.  Most  of  these 
have  failed,  although  large  quantities  of  paraffin,  rough  oils, 
candles,  and  mineral  manure  have  been  made  and  sold.  Qas  has 
also  been  made.  About  ten  years  ago  the  Kimeridge  Oil  and 
Carbon  Company  (Limited)  established  works  at  Sandford,  tfear 
Wareliam,  and  I  was  indebted  to  Mr.  Charles  Beaumont,  the 
Manager,  for  particulars  of  the  products  obtained. 

The  shale  is  worked  at  Kimeridge  Cliff  east  of  the  Bay,  and 
the  "best  bed"  or  "black  stone"  is  a  two-foot  seam  of  dense 
bituminous  shale,  which  occurs  some  way  down  the  cliff,  overlaid 
by  4  feet  6  inches  of  clay  and  again  by  16  feet  of  more  or  less 
bituminous  shale,  and  soil.  The  beds  are  worked  by  tunnelling 
into  the  cliff.  The  Black-stone  is  the  bed  usually  burnt  by  the 
villagers ;  it  also  yields  carbon  for  filters.  The  common  shale  is 
considered  better  as  a  material  for  yielding  products  for  decolorising 
and  deodorising.     (See  Fig.  80,  p.  1 69.) 

The  beds  yield  from  30  to  66  gallons  of  crude  oil  per  ton,  and 
about  10  cwt.  of  carbon.  Other  products  are  Naphtha,  Lubri- 
cating Oils,  Varnish,  Asphalt,  Pitch,  Wax,  Carbolic  disinfectants. 
Animal  charcoal,  and  Sulphate  of  Ammonia. 

The  shale  is  at  times  shipped  from  Kimeridge  to  be  burnt  in 
the  potteries  at  Poole.  The  expense  of  carriage  has  no  doubt 
seriously  hindered  the  success  of  the  various  undertakings  to 
utilize  the  beds. 

Analyses  of  the  Black-stone  show  from  55  to  upwards  of  60  per  cent,  of 
volatile  matter. 

The  following  shows  the  general  composition : — 
Volatile  matter    -  -  -  -  -  -        61*00 

Carbon      -^  -  -  «  -  -  -13*15 

Ash  -  -  .  -  •  -  -        25*85 


100*0 


The  bulk  of  the  shale  on  the  other  hand  yields  about  20  per  cent,  of 
volatile  matter  and  70  per  cent,  of  abih. 

It  has  been  proved  that  from  9,000  to  10,000  cubic  feet  of  pnri£ed  ^as 
can  be  obtained  from  one  ton  of  the  Black-stone.  The  residae,  which 
amounts  to  about  half  a  ton,  is  of  no  value  as  a  fuel.  The  coal  yields  a 
reddish  ash  which  contains  peroxide  of  iron. 

The  following  analyses  have  been  published  by  Mi*.  Burton  Green  : — * 


Black-stone. 


Shale. 


Naphtha 

Heavy  Oil  (coDtaining  1 

Gas  Water 

Carbon 

Mineral  Matter 

Pitch   - 


37o  of  Paraffin) 


3 

9 
16 
15 
54 

2 


7 
5 
8 
0 

1 

4 


100-0 


♦  Kimeridge  Shale,  1886,  p.  8,  Analysis  by  Prof.  Keates  ;  p.  17,  Analysis  from 
Dr.  Ure*s  Dictionary  (ed,  1867,  p.  780)  ;  see  also  Mansel-Pleydell,  Ge<)].  M^T*! 
1878,  p.  408 ;  and  Proc.  Dorset  Nat.  Hist.  Club,  vol.  xy.,  p.  178. 
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"  It  18  generally  supposed  that  the  hydrocarbom  have  been 
distilled  from  the  putrefaction  of  animal  matter."* 

Dr.  E.  D.  Bnrrowes,  Vicar  of  Kimeridge,  writing  in  1879,  says,  **  This 
shale,  locally  called  Black-stone,  is  burnt  by  the  villagers  generally,  and, 
whilst  it  throws  ont  a  great  amount  of  heat,  from  its  intensely  clear  and 
strong  light  it  renders  candles  in  a  great  measure  unnecessary  to  them. 
It  is  worked  by  a  com])any,  from  mines  in  the  face  of  the  sea-cliff,  and  its 
selling  price  is  twelve  shillings  per  ton;  three  tons  being  considered 
equivalent  to  one  ton  of  ordinary  coal ;  its  ashes  are  used  as  a  gai*den 
manure.  Jet  is  often  found  in  connexion  with  it."t  As  might  be  expected 
the  shale  emits  an  unpleasant  odour  while  burning.  The  ashes  s[)read 
over  the  meadows  are  considered  a  good  manure.  4) 

Mr.  Burton  Green  mentions  that  *'  Round  the  side  of  the  hill 
*  Cuddle  Head,*  upon  the  line  at  which  the  Blackstone  seam  crops 
to  the  surface,  are  several  excavations  and  heaps  where  adits  have 
been  driven  for  the  pui-pose  of  winning  this  fuel ;  and  upon  the 
top  of  the  hill  also  are  several  shafts,  apparently  connected  uith 
these  adits/'  This  would  be  to  the  north  and  no^th-we:^t  of 
Hen  Cliff,  where  traces  of  old  workings  are  to  be  seen.  Here  no 
doubt  the  Black-stone  came  to  the  surface,  and  one  would  infer 
that  its  outcrop  might  be  traced  from  Hen  Cliff,  to  the  valley 
south-west  of  Smedinore,  westwards  about  half-way  between  the 
village  c  f  Kimeridge  and  Kimeridge  Bay,  and  thence  to  the  coast 
on  the  west  of  the  Bay,  where  it  has  been  observed  by  Mr.  Strahan. 
The  strata  are,  however,  so  much  faulted  that  actual  trial-borings 
would  be  necessary  to  prove  its  exact  position.  That  bituminous 
beds  are  persistent  for  a  great  distance,  may  be  mferred  from 
their  presence  near  Portisham  ;  but  whether  any  particular  band 
could  be  traced  so  far  is,  of  course,  doubtful. 

The  following  statistics  of  the  working  of  oil-shale  in  Dorsetshire  have 
been  published : — 


Average 

1 

Years. 

Tons. 

Trice  ptr 
Ton  at  the 

Value       ; 
at  the  Works.- 

Works. 

1883      - 

1,000 

Cy. 

£300 

18^5      - 

200 

£1 

£2C0 

1886      - 

260 

£1 

£250 

1890      - 

150 

1891       - 

300 

1892       - 

70 

t 

The  so-called  "  coal -money  '*  is  found  in  various  places  near  the  surface 
at  Smedmore  near  Kimeridge. 

It  is  now  regarded  as  of  Bomano-BritiMh  age,  and  to  be  the  useless  discs 
of  larger  pieces  which  had  been  turned  on  the  lathe  into  ornamental 


*  Hadleston,  Proc.  Geol.  Assoc.,  vii.  p.  885  ;  see  alio  A.  Smee,  Proc.  Geol.  See., 
vol.  ii.  p.  673. 

t  Gmde  to  Swanage,  1879,  p.  89.  See  also  Robinson,  A  Royal  Warrtn,  or 
Piotoresque  Rambles  in  the  Isle  of  Porbeck,  pp.  64,  66. 

t  Dr.  J.  F.  Berger.  Trans.  Geol.  Soe.,  toI.  1.  p.  864. 


KIMBRID6E  COAIi.  331 

objects ;  saoh  as  centres  of  armlets,  bracelets,  or  rings,  and  bases  of  rases 
or  bowls.*  The'discsl  are  about  2  inches  in  diameter,  with  usually  one 
square  perforation,  and  sometimes  two,  three,  or  four  round  holes. 

In  his  excavations  at  Bushmore,  among  Bomano-British  remains, 
Greneral  Pitt-Bivers  discovered  a  decorated  tablet  of  Kimeridge  Shale, 
which  appeared  to  be  of  the  kind  used  for  writing  upon  with  the  stylus, 
by  means  of  a  coating  of  wax  spread  over  it.  SpindJe  whorls  and  bangles 
of  Kimeridge  Shale  were  also  obtained.f 

In  September  1826  spontaneous  combustion  tookplace  in  the  Kimeridge 
clay  near  the  east  extremity  of  Bingstead  Bay,  at  Holworth  Cliff,  adjacent 
to  the  promontory  of  White  Nore.  This  combustion  continued  until 
1829,  altiiouffh  the  extent  of  the  surface  of  the  clay,  which  was  burnt,  did 
not  exceed  w  feet  square. 

Buckland  and  De  la  Beche  state  that  *'  within  this  space  are  many  small 
fumaroles  that  exhale  bituminous  and  sulphureous  vapours,  and  some  of 
which  are  lined  with  a  thin  sublimation  of  sulphur ;  much  of  the  shale 
near  the  central  parts  h4s  undergone  a  perfect  fusion,  and  is  converted 
to  a  cellular  slag.  In  the  parts  adjacent  to  this  ignited  portion  of  the 
cliff  where  the  effect  of  the  nre  has  been  less  intense,  the  shale  is  simply 
baked  and  reduced  to  the  condition  of  red  tiles,  like  that  on  the  shore 
near  Portland  Ferry."J  The  occurrence  of  the  burnt  shale  at  Portland 
Ferry  indicates  that  there  a  similar  combustion  formerly  took  place. 

It  has  been  stated  that  at  the  northern  end  of  Portland  Isle  there  ''  is  a 
stratum  of  black  imflammable  slate.  It  is  found  on  the  outside  of  the 
cliffs,  and  duff  horizontally.  The  upper  stratum  is  14  feet  of  natural 
black  earth ;  the  next  is  a  grevish  soft  pavingstone,  six  inches  thick ; 
under  this  is  black  earth ;  ana  at  the  bottom  of  the  cliff,  clay.*  •  • 
It  is  used  to  heat  ovens,  piled  up  as  turf,  gives  a  clear  light,  and  yields 
a  strong  bituminous  smell,  and  is  in  aU  respects  like  the  Kimeridge 
coal.*'  A  somewhat  similar  statement  was  made  by  J.  Woodward  in  1729 ; 
he  noted  that  the  *'  Coal-stone  "  was  about  a  foot  in  thickness,  that  it 
*'  holds  and  endures  the  fire  much  longer  than  coal,''  and  contains 
Ammonites  {Cornu  Ammonis)  and  other  shells.§ 

The  Purbeck  shales  near  Poundsford,  Sussex,  are  occasionally  bituminous, 
Mr.  B.  Hallett,  the  owner  of  Swife*s  Farm,  had  several  tons  of  shale 
operated  upon,  and  this  yielded  tar,  pitch,  grease,  oil,  naphtha  and  paraffin. 
Mr.  Topley  called  my  attention  to  the  fact  that  the  gypsum  becomes 
bituminous  along  a  line  of  fault  at  the  Gypsum- works  at  Netherfield.|i 

Miscellaneotu  Minerals. 

Mention  has  been  made  of  the  occurrence  of  Pyrites,  Selenite, 
Glauconite,  &c.,  [in  various  formations.  There  are  but  few  other  minerals 
to  which  special  attention  need  be  drawn.     (See  pp.  49,  167,  325.) 


*  See  Evans,  Ancient  Bronze  Imphiments,  &e.  1881  ;  and  Figures  on  Plate  20  of 
Damon's  Supplement  to  Geology  of  Weymouth,  fic. ;  Mansel-PleydeU,  Proc.  Dorpet 
Nat.  Hist.  Club,  vol.  xiii.  p.  178. 

t  Excavation*  in  Bokerly  and  Wansd^ke,  Dorset  and  Wilts,  1892. 

j  Trans.  Greol.  Soc.,  ser.  2.,  vol.  iv.  p.  2;i. 

I  Hiitchiua.  History  and  Antiquities  of  Dorset,  Ed.  3,  vol.  ii.,  1863,  p.  819;  J. 
Woodward,  Nat.  Hist.  Foss.  England,  Tome  II.  p.  17  ;  also  T.  Webster,  in  Engle- 
field's  Isle  of  Wight,  &c.,  p.  196. 

II  Topley,  Geology  of  the  Weald,  p.  38. 
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CHAPTER  XVII. 

SPRINGS,  WATER  SUPPLY,  AND  DEEP  BORINGS. 

On  the  tracts  of  Oxford  Clay  andiKimeridge  Clay  there  are  f ew 
important  towns  and  villages,  excepting  where  the  strata  are 
overlaid  by  superficial  deposits  of  gravel  which  have  furnished 
supplies  of  water  from  shallow  wells. 

Thiis  on  the  Oxford  Clay,  Mel  comb  Regis  (the  northern  part  of 
"Weymouth),  is  on  marine  sand  and  shingle :  and  Melksham,  Oxford,  Fenny 
Stratford,  St.  Neot's,  Huntingdon,  St.  Ives,  Peterborough,  and  Brigg  are 
situated  on  Alluvial  or  Glacial  gravels  and  sands.  The  same  is  the  case 
with  regard  to  Gillingham,  Abingdon,  Sutton  near  Ely,  Market  Kasen, 
and  other  large  villages  and  towns  situated  on  the  Kimeridge  Clay. 

Oxford  Clay  and  Kellaicays  Rock  and  underlying  strata. 

Water  is  found  in  many  places  in  the  Kellaways  Rock  at  the 
base  of  the  Oxford  Clay,  though  it  may  be  difficult  to  say  if  in 
deep  wells  it  may  be  entirely  derived  from  that  rock,  as  some 
supply  may  also  be  yielded  from  the  Cornbrash,  &c.  beneath. 
As  a  rule,  however,  there  is  about  10  feet  of  clay  at  the  base  of 
the  Kellaways  sands  and  rock-beds,  separating  them  from  the 
Cornbrash.  The  Kellaways  Beds  are  very  variable  in  character, 
there  being  alternations  of  sands,  sometimes  with  doggers,  and 
loams  and  clays,  so  that  they  cannot  be  depended  upon  for  any 
large  supply  of  water. 

Some  particulars  of  borings  in  the  Vale  of  Blackmore,  made  for  tho 
Blackmore  Vale  Dairy  Company,  have  been  communicated  to  me  by  the 
Secretary  of  that  Company,  and  by  Messrs.  Rawlence  and  Squarey,  of  the 
Digby  Estate  Office,  Sherborne.  At  the  Fox  Inn,  south  of  Holwell,  in 
Dorset,  a  well  was  sunk  through  **  marl "  (Oxford  Clay)  178  feet,  and  **  sand 
rock  *'  (probably  Kellaways  Kock)  8  feet,  and  a  full  supply  of  water  was 
obtained. 

By  the  Green  Man,  west  of  Kingstag,  in  Lidlinch  parbh,  a  boring  was 
carried  tlurough  similar  marl  145  feet,  "much  harder  rock"  25  feet,  to 
close  sand,  when  water  of  a  saline  character,  rose  to  within  38  feet  of  the 
surface.  After  pumping  it  was  found  that  the  saline  character  of  the 
water  was  maintained. 

The  occurrence  of  saline  water  is  interestine,  for  similar  water  was  found 
in  a  well  at  Woodbridgo  Farm,  Stock  G-aylard. 

Water  was  found  at  a  depth  of  about  150  feet  at  Grange  Farm,  north- 
east of  Pulham ;  but  a  boring  at  East  Pulham  further  to  the  north-east 
was  carried  to  a  depth  of  228  feet  without  finding  watev.  There  a  sandy 
rock  full  of  shells  (probably  Kellaways  Rock),  was  found  at  a  depth  of 
about  200  feet,  and  beneath  blue  marly  clay,  the  same  as  the  upper 
strata.    No  doubt  faults  affect  the  water-levels  in  this  Dorset  area. 

Saline  water  has  been  met  with  in  the  Great  Oolite  series  close  to 
Templecombe  railway-station,  in  a  bore-hole  carried  to  a  depth  of  172  feet. 
The  water  contained  74  grains  of  saline  matter  per  gallon ;  chiefly 
sulphate  of  soda. 

The  well-waters  of  Wiltshire  arc  notably  saline*  (see  p.  27). 

♦  See  H.  B.  Woodward,  Quart.  Journ.  Geol.  Soc,  toI.  xlii.  p.  299  j  and  Memoir 
on  the  Lower  Oolitic  Bocks  of  England,  p.  514. 
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From  information  kindly  supplied  by  Prof.  Edward  Kincb,  I 
learn  that  slightly  saline  waters  were  met  with  in  the  Kellaways 
Eock  at  the  Manor  House,  South  Cerney,  where  at  a  depth  of 
110  feet  the  yield  was  about  10,000  gallons  per  day.  In  this  case 
analysis  showed  that  out  of  39  grains  per  gallon,  no  less  than  29 
were  carbonate  of  soda. 

In  a  boring  at  Cricklade  carried  to  a  depth  of  105  feet,  the 
water  contained  194  grains  per  gallon,  including  107  of  chloride  of 
sodium  and  62  of  carbonate  of  soda. 

Again  at  Somerford,  near  Malmesbury,  a  boring  carried  to  a 
depth  of  90  feet  through  Kellaways  Rock,  tapped  water  containing 
139  jrrains  per  gallon,  including  102  of  chloride  of  sodium  and 
about  29  of  carbonate  of  soda. 

The  occurrence  of  saline  waters  in  the  Kellaways  Beds  at 
Bletchley,  and  in  Bedfordshire  has  been  mentioned  (see  pp.  48, 
341). 

Again  at  Boston,  in  Lincolnshire,  saline  water  was  found  in 
sinking  a  well  in  1783,  the  strata,  as  interpreted  by  Mr.  Cameron, 
being  Oxford  Clay  470  feet,  and  sand  (Kellaway's  Beds)  8  feet.* 

The  Inferior  Oolite  below  Bourn  has  proved  one  of  the  most 
prolific  sources  of  water  in  this  country.  Attention  has  previously 
been  drawn  to  this  locality ,t  but  further  information  has  since 
been  obtained.  The  water  is  doubtless  derived  from  the  rainfall 
on  the  large  area  of  Lincolnshire  Limestone  exposed  to  the  north- 
north-west. 


Springs  yioldiDg  a  little  over  6,000,000  gallons  a  day,  at  a  pressure  of 
101b.  to  the  square  inch,  were  tapped  at  depths  of  100  to  1 34  feet  from  the 
sui'face,  by  means  of  an  artesian  tuoe-well  13  ins.  in  diameter.  The  water 
is  conveyed  to  Spalding,  10  miles  distant,  by  gravitation  throngli  a  line 
of  pipes.  This  is  said  to  be  the  largest  overflowing  spring  in  existence. 
Cbalybeato  water  was  found  at  65  ft.  10  in.  from  the  surface.  This  was 
safely  excluded  by  the  driving  of  the  13  in.  pipes.  The  main  springs 
were  tapped  at  depths  of  78  ft.  6  in.,  100  feet,  120,  and  134  feet. 

The  following  is  the  account  of  this  recent  artesian  well  at  Bourn, 
made  for  the  supply  of  Spalding  by  Messrs.  0.  Isler  &  Co. : — J 


Made  Ground        -  •  -  - 

Alluvium.  {gj.^y^j  _"      :     : 

Kellaways    fClay  .  -  - 

Beds,         L  Loamy  Clay 

f  Hard  blue  clay     - 
I  Mottled  clay 
J  Blue  and  green  shaly  clay 
I  Hard  blue  rock    - 
1  Dark  blue  soft  rock  with  shells 
LHard  blue  clay     - 


Great 
Oolite 
Clay. 


Thickness.  Deptr. 

Ft. 

In. 

Ft.  Ik. 

-      2 

0 

.      1 

6 

3    6 

.      1 

0 

4    6 

.      2 

0 

6    6 

-      1 

0 

7    6 

-      2 

0 

9    6 

.      6 

^  1 

16    0 

-      4 

0 

20    0 

-    10 

0  ' 

30    0 

-      1 

0 

31    0 

.      2 

0 

83    0 

lis  -            -      1 

0 

34    0 

.      2 

0 

36    0 

*  Geol.  Mag.,  1892,  p.  66.     See  also  Phil.  Trans.,  vol.  xvi.  p.  183. 

t  Memoir  on  the  Lower  Oolitic  Bocks  of  England,  p.  505. 

I  Engineering,  toI.  Wi.  Not.  24,  1893,  p.  649  ;  and  Engineer,  Jan.  12,  1894,  p.  23. 
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Thickness.  Depth. 


Great 

Oolite 

Limestone. 

Upper 
Estnarine 
Series. 

Lincolnshire 
Limestone. 


fLimestone 

•|     Ditto     lignt  colour     - 

Ditto     green,  very  hard 
*TDark  green  clay  - 
Hard  olue  rock    - 
I  Dark  and  light  green  clay 
j  Hard  rock,  with  water    - 
J  Light  green  sandy  clay  - 
LBlack  clay  and  peat  [lignite] 
r  Grey  porons  rock 
\  Hard  oolite  limestone     - 


Ft.  : 

[if. 

-   7 

0 

.   4 

0 

-   1 

0 

-   7 

0 

-   1 

0 

-   9 

0 

.   0  10 

-   9 

8 

-   0 

6 

-   1 

6 

-  56 

6 

Ft.  : 

[V. 

43 

0 

47 

0 

48 

0 

55 

0 

56 

0 

65 

0 

65  10 

75 

6 

76 

0 

77 

6 

134 

0 

A  bore-hole  at  Tongue  End  Farm,  about  5  miles  E.S.E.  of  Bourn,  and 
nearly  5  miles  S.W.  of  Spalding,  proved  the  following  strata,  the  record 
of  which  was  communicated  by  Mr.  E.  Easton  through  Mr.  M.  W.  B. 
Ffolkes : — 

Alluvium  and      f  Blue  clay 
Oxford  Clay.      \  Hard  brown  clay 

Kellaways  Beds.  {^^^ ^f^^'^'^'t' 

Combrash.         Hard  stone 
Great  Oolite  Clay      Clay 


Great  Oolite 
Limestone. 

Upper  Estuarine 
Series. 

Lincolnshire 


j-  Hard  stone 


(■Clay 


Stone  - 
1  Hard  brown  clay 
(,  Clay,  stones,  and  bed  of  shells 


SmestS       }  ^-^  «*«-«  »"-  ••  g--"^**  " 


Ft. 

iK. 

50 

0 

46 

0 

10 

0 

10 

0 

7 

6 

17 

0 

13 

6 

11 

0 

1 

0 

7 

0 

10 

0 

15    0 


198    0 


Water  rose  62  feet  above  the  surface,  and  a  good  supply  was  yielded. 
From  the  same  authorities  1  have  received  the  record  of  a  borins  at  the 
Great  Eastern  railway-station  at  March :  this  was  carried  to  a  oepth  of 
284  feet — through  11  feet  of  made  ground,  and  274  feet  of  blue  clay  with  9 
bands  of  stone  at  depths  between  65  and  175  feet.  One  of  these  stone- 
bands,  reached  at  a  depth  of  68  feet,  was  6  feet  thick.  This  may  oe  a 
Corallian  rock-bed.  The  boring  was  commenced  in  Kimeridge  Clay  and 
thus  doubtless  was  carried  through  the  Ampthill  Beds  well  into  the  Oxford 
Clay. 

A  boring  at  Littleworth,  near  Market  Deeping,  reached  a  hard  rock-bed 
{probably  Cornbrash)  at  a, depth  of  226  feet;  and  water-bearing  strata 
(Lincolnshire  Limestone)  were  proved  at  a  depth  of  285  feet.  The  water 
rose  to  the  surface. 

In  Cambridgeshire  limited  supplies  of  water  are  occasionally  obtained 
from  the  thin  rock-bands  that  occur  in  the  Corallian  Clays,  in  the  upper 
part  of  the  Oxford  Clay,  or  at  the  base  of  the  Kimeridge  Clay.  Wells 
and  borings  have  been  made  S.S.W.  of  Elsworth  (150  feet),  Bampton 
(11  feet),  Lolworth  (135  feet),  Over  (215  feet),  and  Stretham  Pen  (141 
feet).* 

On  the  other  hand  a  well  sunk  to  a  depth  of  800  feet  in  Oxford  Clay,  etc., 
at  Ramsey,  failed  to  find  water :  it  was  evidently  not  carried  deep  enough 
to  reach  the  base  of  the  Great  Oolite  Series.    (See  p.  60.) 

*  Penning  and  Jukes-Browne,  Geol.  Cambridge,  pp.  162,  163,  165,  168 ;  Seeley, 
Ann.  Nat.  Hist.,  ser.  3,  vol.  x.  p.  100 ;  and  Whit&er,  Geol.  parts  of  Cambridgeshire 
and  Suffolk,  p.  113. 
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Again  in  the  Kimeridge  clay  at  Downham  Market,  a  boring  made  by 
Messrs.  0.  Isler  &  Co.,  proved  the  following  beds : — 


Lov^er  Greensand        -  -  - 

fRock  . 
I  Blue  clay 
Kimeridge    J  Bock  -  -  - 

Clay.  \  Blue  clay 

Blue  clay  and  stone  - 
Blue  clay 


Feet. 
29 

2 
72 

6 
99 

6 

2 

216 


The  water-level  was  3o  feet  down,  and  the  yield,  which  apparently  came 
from  the  stone-beds,  was  360  gaJlons  per  hour.*  It  is  possible  that 
beds  of  Corallian  age  were  reached. 

A  well  at  Langworth,  north-east  of  Lincoln,  sunk  through  Boulder 
Clav  and  Oxford  Clay  to  a  depth  of  90  feet,  found  water  in  the  Kellaways 
Beas,  and  it  rose  nearly  to  the  surface.f 

A  well-boring  made  by  Messrs.  Le  Grand  and  Sutcliff,  at  the  Market 
Place,  Winslow,  proved  the  following  strata,  according  to  Mr.  W.  H. 
Dalton : — 

Feet. 
Drift  \  ^^ 

Oxford  Clay/ ^38 

Kellaways  Beds  -..---        32 

Great  Oolite  Series    ..----  9 

Water  was  obtained  from  the  Kellaways  Beds,  and  stood  at  140  feet 
from  the  surface. 

Corallian  Beds. 

The  Corallian  rocks  are  not  noted  for  }ielding  any  very  large 
supplies  of  water,  comparable  with  those  obtained  in  places  from 
the  Lower  Oolites.  The  rock-beds  are  parted  by  clays  that 
perhaps  interfere  with  the  free  circulation  of  water.  Moreover 
the  beds  where  much  jointed,  sometimes  have  the  fissures  infilled 
with  clay  that  has  been  washed  in  from  overlying  beds. 

In  the  Weymouth  district  water  has  been  obtained  from  wells 
sunk  into  the  Corallian  Beds^  but  the  main  supply  of  the  town  is 
derived  from  a  Chalk  spring  that  issues  from  the  base  of  Moignes 
Down,  above  Sutton  Pointz.J 

A  well-boring  for  a  dairy,  south  of  Boy  wood  Farm,  north  of  ^appowder, 
was  carried  through  168  feet  of  marl,  and  8  feet  of  rock :  the  strata  said  to 
be  of  similar  character  to  those  by  the  Fox  Inn  and  Qreen  Man  (p.  3S2). 
Water  was  plentiful.  Judging  from  the  Geological  Survey  Map  the 
strata  passed  through  would  be  Kimeridge  Clay  and  Corallian. 

A  well  made  by  Messrs.  Le  Grand  and  Sutcliff  at  Ansty,  north  of 
Melcomb  Bingham>  found  a  good  supply  of  water  at  a  depth  of  103  feet, 
the  water  rising  to  within  two  feet  of  the  surface.  It  seems  probable 
that  Corallian  Beds  were  touched  at  the  base  of  the  boring,  and  that  the 
beds  penetrated  were  Cretaceous  21  feet,  and  Kimeridge  Clay  82  feet. 
Particulars  were  communicated  to  me  by  Mr.  Whitaker. 

A  well  sunk  and  bored  at  Gillingham  through  (Kimeridge)  clay  and 
rock  60  feet,  and  "  clay,  hard  sand  and  rock"  (partly  Corallian)  26  feet, 
yielded  about  20  gallons  per  minute.§ 

♦  Whitaker,  Geol.  S  W.  Norfolk,  &c.  p.  157. 

t  De  Ranee,  Proc.  Gkol.  and  Polyt.  Soc.,\ol.  xii.  p.  49. 

X  Damon,  Geol.  Weymouth,  1884,  p.  133. 

§  De  Ranee,  Rep.  Brit  Assoc,  for  1879,  p.  160. 
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ReferoQce  has  elsewhere  been  made  to  a  well  at  Westbury,  in  Wiltshire 
(p.  111). 

Springs  from  the  Corallian  rocks  at  Loxwell  or  Lokcswell  south-east  of 
Cliippeniiam,  were  found  to  yield  from  65  to  70  thousand  gallons  of  water  a 
day. 

At  the  Beaufort  Brewery,  Wootton  Bassett,  a  little  north  of  the  railway- 
station  a  well-boriugwas  carried  to  a  depth  of  114  feet  through  Kimeridge 
Clay  into  Corallian  Rocks.  (See  p.  116.)  Water  rose  to  within  8  or  9  feet 
of  the  surface,  the  yield  being  equal  to  540  gallons  per  day.  The  water 
waa  found  to  contain  85  grains  ])er  gallon  of  aaline  matter,  including  43  of 
sulphate  of  soda,  19  of  carbonate  of  lime,  13  of  carbonate  of  soda,  and  9  of 
chloride  of  sodium.  This  water  after  long  pumping  b:*came  less  saline. 
A  plentiful  supply  of  cood  water  has  since  been  obtained,  in  the  same 
neighbourhood,  the  yield  being  360  gallons  an  hour. 

In  1816  a  well  was  commenced  by  the  Wilts  and  Berks  Canal  Company 
near  Toot  Hill  between  Swindon  and  Wootton  Bassett  to  supply  water  for 
the  canal.     The  strata  passed  through  were  as  follows  : — 

Feet. 


TP,.        . ,      ^n       /  Clay  with  septaria;  a  small  chaly-f       Sunk         -  138 
Himericlge  Ulay.  |     ^^^^^^  ^p^j^^^  ^^  ^^^^^  ^^  ^2  feet  \  Bored  about  -  102 

}  •■ 


r  Coral  Rag 
Corallian  Rocks.  <  Pisolite  -  -  "        J"       »,  -    21 

L  Sand  and  Sandstone 


261 

William  Smith,  who  was  subsequently  consulted,  remarked  that  "here 
the  depth  was,  of  course,  expected  to  be  great,  from  the  known  depth  of 
several  deep  wells  in  the  neighbourhood,  all  of  which  produced  water 
which  ascended  to  their  tops ;  and  the  deepest  and  nearest  to  this  experi- 
ment having  done  so  and  continued  to  overflow  ever  since  it  was  sunk, 
afforded  data  for  such  a  proceeding.  Besides  the  water  found  at  Mr. 
King's  of  Mannington  Farm,  I  find  that  water  has  been  obtained  at 
another  farm  of  his,  and  at  Costar  and  Whitefield,  along  the  course  of 
the  same  clay-ridge  which  extends  to  Wootton  Bassett :  and  that  at  three 
of  these  wells,  like  that  of  Mr.  Edwards's  well  (at  Even  Swindon)  the  water 
is  of  a  mineral  quality.  All  of  them  I  am  informed,  have  a  copious  supply 
of  water,  and  stand  full  to  the  surface,  or  nearly  so." 

The  water  at  the  above-mentioned  well  was  found  at  first  to  be  consider- 
able and  it  brought  up  a  great  quantity  of  sand,  but  in  time  the  amount  of 
water  became  very  limited  and  the  well  was  abandoned.  It  is  very  inter- 
esting to  learn  that  at  this  early  date  (about  1817)  Smith  advised  headings 
to  be  driven.  He  said  **  The  first  sudden  rise  of  water  into  the  well 
through  such  a  small  aperture,  and  the  subsequent  rush  of  water  through 
the  sand  above  referred  to.  shows  that  the  water  comes  freely  to  this  hole  ; 
but  to  obtain  a  supply  suflScient  for  the  regular  work  of  a  50  horse-power 
engine  will  require  headings  driven  in  the  level  course  of  the  stratum 
which  produces  the  water,  unless  the  natural  working  of  the  water 
through  the  sand,  with  an  enlarged  aperture,  should  of  itself  make  a 
sufficient  aperture.  Headings  may  be  driven  in  this  loose  sand,  under 
such  a  rock  roof,  to  any  extent  and  at  a  moderate  price.  Such  subterra- 
neous cavities  or  headings,  if  made  capacious  enough  to  hold  from  10  to 
20  locks  full,  would  serve  as  regulators  between  the  flowing  of  the  spring 
and  the  inequalities  of  consumption."* 

The  account  of  this  well  is  interesting  in  connexion  with  the  sinking 
at  Swindon  made  by  the  Great  Western  Railway  Company,  and  I  am 
sorry  to  have  been  unacquainted  with  the  old  record  when  giving  some 
account  of  the  newer  well.f 

A  well  at  Arkeirs  Brewery,  by  the  cross  roads  about  a  mile  N.W, 
of  Stratton  St.  Margaret's,  was  sunk  53  feet  in  Oxford  Clay,  obtaining  but 


♦  J.  Phillips,  Meraoiri*  of  William  Smith,  pp.  83-86. 

f  Quurt.  Journ.  Gcol.  Soc ,  \o\.  xlii.  p.  287 ;  and  Iklemoir  on  the  Lower  Oolitic 
Kecks  of  Eagland,  p.  514. 
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a  poor  supply  of  water.  Another  well  only  12  feet  distant  to  the  N.E., 
was  sunk  l6  feet  into  Corallian  Rocks  and  obtained  a  good  supply.  This 
information  was  communicated  by  Mr.  W.  H.  Dalton  who  inferred  the 
presence  of  a  fault  running  in  a  northerly  direction  from  the  hamlet  of 
Upper  Stratton  towards  the  valley  west  of  Kingsdown;  and  having  a 
downthrow  on  the  east. 

At  Faringdon  a  well  at  the  Eagle  Brewery,  bored  113  feet  through  the 
Corallian  Beds  to  the  Oxford  Clay,  yielded  a  supply  (from  a  3-inch  bore)  of 
12,700  gallons  per  day  of  11  hours.  The  water  rose  to  within  13  feet  of 
the  surface,  but  was  reduced  by  pumping  to  30  feet.  Another  well,  bored 
to  a  de]ith  of  114  feet  6  inches,  yielded  about  70  gallons  per  minute.* 


Kimeridge  Clay, 

Reference  has  been  made  to  a  boring  in  Kimeridge  Clay  that 
yielded  a  supply  of  water  from  stone-beds.  As  a  rule  no  yield 
could  be  expected  from  the  formation,  and  even  where  the 
Corallian  stone-beds  occur  in  the  Fenland  area  between  the 
Oxford  Clay  and  Kimeridge  Clay,  we  could  not  anticipate  any 
store  of  water     (See  pp.  328,  335.) 

Mr.  Jukes-Browne  informs  me  that  at  Ascott,  near  Wing,  south-  west 
of  Leighton  Buzzard,  a  shaft  was  sunk  44  feet  through  Drift  and  Gkiult 
into  Kimeridge  Clay.  A  moderate  supply  of  somewhat  saline  water,  was 
found  at  a  depth  of  42  feet,  when  a  hard  band  of  clayey  rock  had  been 
penetrated.  A  boring  was  then  carried  to  a  depth  of  145  feet  in  stiff 
clay,  when  the  well  was  abandoned. 

At  Puttenham  three  miles  north-west  of  Tring  a  boring  was  made  to  a 
depth  of  225  feet  as  follows : — f 

Feit. 
Gault         -  -     *  Clay,  with  rock  at  bottom    -    about    150 

rDark    Olay    with    water- 
\  stones  [probably  septaria] 


Kimeridge  Clay 


75 


>    25 


A  deeper  boring  was  made  some  years  ago  at  the  Asylum  at  St©nc,  near 
Aylesbury,  and  the  following  record  has  been  preseryed  at  the  Geological 
Survey  Office : — 

Feet. 
Soil  .... 

{Shelly  oolitic  limestone   - 
Yellow  sand  ... 

Shelly  oolitic  limestone  - 
Yellow  sand 
Blue  limestone     ... 
Blue  clay  -  -  -  - 

Limestone  -  .  . 

Dark  sand  with  water 
Blue  clay  with  fossils 
Limestone  with  Ammonites 
Limestone  ,  -  - 

Blue  clay  -  -  -  - 

Limestone  -  -  - 

Blue  clay  -  .  • 

Limestone  -  -  - 

Blue  clay  .  -  - 

Limestone  ... 


145 


45 


40 


♦  See  I)e  Ranee,  Rep.  Brit.  Assoc,  for  1878,  p.  414,  and  1879,  p.  159. 
t  Whitaker,  Trans.  Hertfordshire  Nat.  Hist.  Soc,  toI.  Ti.  p.  60. 
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Feet. 


75 


200 
10 


30 


Blue  clay 
LimeBtone 
Limestone 
Blue  clay 
Limestone 
Blue  clay 
Sandy  clay 

Oolitic  coralline  limestone 
Bine  clay  -  -  - 

Oolitic  rock,  Tarions  hardness 
Sand  and  pebbles 
Oolitic  rock 

Clay  ... 

Oolitic    rock    containing  fossils,    at    bottom    of 
boring. 

"570 

A  shaft  was  sunk  to  the  depth  of  145  feet,  and  the  rest  bored. 

Li  reference  to  this  boring  at  tiie  **  Aylesbury  Asylum,"  John  Phillips 
remarked  that  it  '*  showed  zones  of  Oryphoea  dilataia  SkJid  other  character- 
istic fossils;"*  but  the  meagre  record,  and  the  want  of  information 
concerning  the  thicknesses  of  the  beds  of  limestone  (probably  in  many 
cases  septaria),  render  it  difficult  to  classify  the  strata. 

The  main  mass  appears  to  have  been  Kimeridge  and  Oxford  Olays,  and 
another  record  published  by  Mr.  0.  S.  Beadf  suggests  the  following 
grouping  of  the  strata : — 

Feet. 
[Portland  Beds.^  Limestone  and  yellow  sand  •  -      20 

[Kimeridge,       |  Qi^y  with  a  few  narrow  bands  of  lime- 

Cowinian.  and  ^     ^^^ 500 

Oxford  Clays.]  J 

Great  Oolite  -  «-  -  -      30 

The  depth  here  assigned  to  the  boring  is  20  feet  less  than  that  giyen 
aboTe.    The  well  failed  to  produce  an  adequate  supply  of  water. 

Portland  Beds, 

The  Portland  Beds  are  well  calculated  to  store  up  supplies  of 
water,  for  tl)C  stone-beds  are  usually  traversed  by  well-marked 
joints  and  fissures,  and  in  many  places  there  is  a  considerable 
thickness  of  sand  in  the  lower  beds  and  locally  in  the  upper  beds. 
The  limited  outcrop  of  the  strata  however  forbids  their  being 
regarded  as  of  more  than  very  local  value  for  the  supply  of 
water.     (See  p.  196.) 

Portland  Island  possesses  no  surface  streams.  The  rain-waters  penetrate 
'  generally  down  to  the  Portland  Sands  and  are  supported  by  clayey  beds 
in  these  strata,  or  hj  the  Kimeridge  Clay.  Springs  issue  from  the  clififs, 
and  two  more  prominent  sources  have  oeen  utilized  at  'Fortune's  Well 
and  Southwell ;  these  in  old  times  have  supplied  all  the  wants  of  the 
inhabitants.  More  recently  a  deep  well  has  been  made  and  this  has 
proved  successful.     (See  p.  202.) 

Dry  valleys  occur  in  the  Isle  of  Purbeck,  as  at  Seacombe,  where  the 
rain-waters  are  conducted  underground  through  the  ruljbly  and  porous 
Portland  Beds ;  but  at  the  sea-margin,  springs  issue  over  steps  ana  plat- 
forms of  the  cherty  Portland  rocks,  which  are  eroded  in  a  very  irregular 
way  owing  to  the  bosses  of  chert. 

•  Gcol.  Oxford,  &c.,  p.  297. 

t  Joiirn.  R.  A|pric.  8oc-,  vol.  zvi.  p.  280. 
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It  seems  likelj  that  the  Portland  Beds  of  Thame  are  continuous  with 
those  of  Great  Milton  ;  but  no  evidence  from  well-borings  has,  so  far  as  I 
know,  proved  the  point.  The  subject  is  not  without  its  importance  to 
those  who  would  seek  a  supply  of  water  from  beneath  the  Gault  along  the 
borders  of  the  Chiltern  Hills,  in  the  neighbourhood  of  Tetsworfch ;  but 
in'an}''  case  the  gathering  ground  would  be  somewhat  limited. 

In  old  times  the  hardness  of  the  water  at  Thame  was  not  praised,  for 
Plot  remarked,  '*  there  is  never  a  Well  in  the  whole  Town  whose  water 
will  wash,  or  (which  is  worse)  brew."* 

At  Whitchurch  in  Buckinghamshire  copious  springs  are  thrown  out 
from  the  base  of  the  Portland  Beds.  There  is  one  beneath  the  moat  of 
the  Castle. 

Purbeck  Beds, 

In  Dorsetshire  springs  are  thrown  out  here  and  there  by  the 
Lower  Purbeck  Beds,  water  being  held  in  the  Swanage  stone-bedSiP 
Some  of  the  old  quarries  are  reservoirs  of  water. 

Locally,  as  in  the  Vale  of  Wardour,  supplies  of  water  may  be 
obtained  from  the  Purbeck  stone-beds.     (See  p.  272.) 

In  East  Lincolnshire  the  Spilsbj  Sandstone  is  a  good  water-bearing 
formation,  and  a  number  of  Tillages  are  situated  on  it.  As  remarked  by 
Mr.  Jukes-Browne  "  Strong  springs  gush  out  at  man^  points  along  the 
line  of  its  junction  with  the  Kimeridge  Clay,  especially  in  the  dales  on  the 
western  side  of  the  Steeping  Valley.**  These  springs  are  occasionally 
ferruginous.t 

At  Skegness  a  well  to  which  reference  has  been  made  (p.  291),  was  sunk, 
through  the  Spilsby  Sandstone,  to  a  depth  of  425  feet.  The  yield  of 
water  was  8  gallons  a  minute,  and  it  rose  above  the  surface. 

A  good  supply  of  water  from  the  Spilsby  Sandstone,  was  also  yielded 
at  Willoughby,  near  Alford.  The  boring  was  carried  to  a  depth  of 
245  feet,  and  the  yield  of  water  was  100,000  gallons  per  day,  the  water 
overflowing.J 

Beservoirt  and  Ornamental  Waters, 

There  are  Ornamental  Waters  on  the  Oxford  Clay  in  the  parks  of 
Longleat,  Bowood,  Wotton  Underwood,  Middle  Claydon,  and  Southill 
west  of  Biggleswade ;  and  on  the  Kimeridge  Clay  at  Encombe.  There  is 
a  Reservoir  to  the  south-east  of  Swindon  that  is  situated  partly  on  the 
Lower  Portland  Bods. 

The  large  tracts  of  Oxford  and  Kimeridge  Clay  furnish  many  sites 
suita])le  for  excavated  reservoirs,  but  only  in  a  few  cases  have  sites  been 
observed  that  would  be  adapted  for  embanked  reservoirs. § 

SPRINGS. 

Of  the  freshwater  springs  there  are  no  very  copious  and  noteworthy 
examples  that  can  be  compared  with  those  which  issue  fVom  the  Lower 
Oolites. 

Holy  Wells f  in  the  district  under  consideration,  ai'e  found  here  and  there, 
and  from  their  permanent  character  they  have  in  old  times  been  dedicated 
to  various  Saints. ||  There  is  a  Holywell  parish  in  Oxford,  while  the 
villageof  Holywell,  east  of  St.  Ivcp,  derives  its  name  from  a  well  in  the 
churchyard  :  the  water  occurs  in  a  bed  of  gravel  that  rests  on  the  Oxford 
Olay.   The  Wishing  Well  of  Upway,  near  Weymouth,  derives  its  water  from 

♦  Natural  History  of  Oxfordshire,  1677,  p.  36. 

t  Jukes-Browne,  Greol.  East  Lincolnshire,  pp.  18,  135. 

X  Ibid.f  p.  169  :  and  Quart.  Journ.  See,  vol.  xlix.  p.  469. 

I  See  Report  Royal  Commission  on  Water  Supply,  1869,  p.  xxx ;  Evidence  of 
Bailey  DentoD,  pp.  94,  5cc.,  also  Report  Royal  Commission  on  Metropolitan  Water 
Supply,  1893  ;  Evidence  of  T.  Hawksley  and  others,  pp.  255-263,  320-349. 

jl  See  R.  C  Hope,  in  the  *'  Antiquary,''  vols.  xxi.  to  zxv. 
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the  Chalk  range  on  the  north.  The  Lady  Well  at  "WcBt  Keal,  and  the 
Holy  Well  at  Somersby  in  East  Lincolnshire,  are  derived  from  the  Spilsby 
Sandstone. 

" Petri/ ijing  Springs**  have  been  noted  in  a  few  places  in  the  area 
occupied  by  the  3lidcile  and  Upper  Oolites ;  at  St.  Clement's,  and  at  Carfax 
(pnmp)  Oxford  ;  at  Headington,  near  Oxford  (Corallian  Beds);  Osboumby, 
south  of  Sleaford  (probably  the  same  as  Aswarby  Spa) ;  at  Blashenweil, 
near  Corfe  Castle,  and  at  Poundsford  (Pounceford)  near  Battle,  from  the 
Purbeck  Limestone. 

A  number  of  springs  have  obtained  a  certain  notoriety  as  Spas, 
but  few  if  any  of  these  retain  the  fame  accorded  to  them  in  old 
days,  though  whatever  virtue  they  possessed  may  still  be  with 
them. 

Chalybeate  Springs. 

The  following  may  be  noted  with  reference  to  the  formations  from 
which  they  issue  : — 

Oj^fc/rd  CUiy. 

Melksham,  at  Drinkwater  House  (well  said  to  yield  800  gallons  per 
day). 

Clapham,  Bedford. 

Somersham  Spa,  Huntingdonshire  (from  hard  bed  in  the  Oxford  Clay): 

Oundle  (base  of  Kellaways  Rock).    Bourn,  Blind  Well,  in  Bourn  Wood. 

Kingerby  Spa,  north-west  of  Market  Basen  (at  base  of  Drift  Sand  on 
Oxford  Clay). 

Corallian  Beds, 

Rod  well,  Wej-mouth. 
Heywood,  north  of  Westbunr,  Wiltshire, 

Wootton  Bassett  Spa,  by  VVhitehill  farm,  north-west  of  town  (said  to 
contain  traces  of  Iodine). 
Abingdon. 
Headmgton  Wick,  near  Headington,  Oxford. 

Portland  Beds* 
Dorton  Spa,  Dorton  Park,  near  Brill. 

Saline  Springs, 

Saline  waters  have  proved  to  be  more  abundant  than  desirable 
in  the  Kellaways  Beds,  Oxford  Clay,  and  Corallian  Beds.  The 
following  include  all  the  localities  that  are  known  to  me. 

Lidlinch,  Dorset  (well-boring  nearly  200  feet  deep  into  Kellaways  Rock, 
by  Green  Man). 

Stock  Gay  lard,  near  King  Stag  (well  at  Woodbridge  Farm). 

Templecombe  (well-boring  172  feet  deep  into  Fullonian  P  ;  31  sulphate 
of  soda,  12  chloride  of  sodium,  12  carbonate  of  lime,  &c.  Total  74  grains 
per  gallon). 

Horwood  Wells,  south-east  of  Wincanton. 

West  Ashton,  near  Steeple  Ashton,  Wiltshire  (saline  chalybeate ;  chloride 
of  sodium,  &c.). 

Holt,  near  Melksham  (saline  chalybeate  ;  146  grains  per  gallon). 

Somerford,  near  Malmesbury  (139  grains  per  gallon  ;  chloride  of  sodium, 
102,  carbonate  of  soda,  29,  &o,), 

Purton  Spa,  Salt's  Hole,  west  of  Purton  Stoke,  between  Porton  and 
Cricklade*  (yield  120  gallons  per  day;  360  grains  per  gallon,  chiefly 
sulphates  of  soda,  lime,  and  magnesia). 

*  See  Analyses,  Quart.  Joom.  Chem.  Soc.,  toI.  xiy.  p.  43 ;  and  Quart.  Joom.  Q«oL 
Soc.,  lol.  xlii.  p.  299. 
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Braydon  Manor  Farm,  near  Purton,*  (445  grains  per  gallon,  same  salt-s 
as  above). 

Cricklade  (boring  105  feet ;  194?  grains  per  gallon,  chiefly  chloride  of 
sodium). 

High  worth. 

Wootton  Basse tt  (well  at  town,  85  grains  snlphate  of  soda,  &c.). 

Swindon  (well  at  Great  Western  Railway  Co.'s  works,  from  Corallian 
Eocks,  144  grains  per  gallon,  chloride  of  sodium  (SG),  carbonate  of  soda 
(49),  &c.,  more  saline  waters  were  obtained  deeper  from  the  Forest 
Marble). 

Rodbourn  Lane,  near  Rodboum  Cheney,  Swindon  (112  grains  per 
gallon ;  45  carbonate  of  soda,  56  chloride  of  sodium). 

South  Cerney,  Manor  House  (boring  124  feet  to  Kellaways  Beds ; 
39  grains  per  gallon,  chiefly  carbonate  of  soda.  Supply  at  depth  of  110 
feet  about  10,000  gallons  per  day). 

Cumner,  west  of  Oxford  (well). 

Bletchley  (boring  at  depths  of  390  and  410  feet  in  Kellaways  Beds ;  340 
to  392  grains  per  gallon  of  chloride  of  sodium,  sulphate  of  soda,  Ac, 
(See  p.  48.) 

Stony  Stratford.     (See  p.  49.) 

Kempston,  "Wootton,  Stanton,  and  Lower  Shelton  near  Marston 
Moreteyne  (saline  waters,  180  to  250  gi*ains  per  gallon,  in  well-waters  from 
Kellaways  Beds).t 

At  Eaton  Socou,  near  St.  Neots  (brewery) ;  and  at  St.  Neots  (well  at 
paper-mill  300  feet  deep ;  chloride  of  sodium  and  sulphate  of  soda). 

boham  Fen  (boring  120  feet  to  rock,  water  overflowed  but  was  brackish). 

Stainfield,  north-west  of  Bourn,  Lincolnshire  (264  grains  per  gallon). 

Cawthorpe,  north  of  Boui'n  (saline  chalybeate  spring,  160  grains  per 
gallon). 

Aswarby  Spa,  between  Sleaford  and  Folkingham  (480  grains  per 
gallon). 

Walcott,  north-west  of  Billinghay,  Lincolnshire  (256  grains  per 
gallon) . 

Waters  imj)regnated  with  mineral  matter  have  been  noticed  at  Christian 
Malford,  north-cast  of  Chi])penham,  Hail  Weston  (Spa),  near  St.  Neots, 
Huntingdon,  St.  Ives,  and  at  Haverholme,  near  Anwiok,  north-east  of 
Sleaford  (medicinal  spring),  in  the  Oxford  Cla^  area;  and  at  North 
"Willingham,  near  Market  Rasen  (medicinal  spring)  in  the  Kimeridge 
Clay  area. 

**  SuljJhur    Springs'*    giving  off*  sulphuretted   hydrogen,  due    to    the 
decomposition  of  pyrites,  are  met  with  here  and  there  in  the  Oxford  Clay, 
Some  of  these  springs  are  slightly  saline,  as  at   Radipole  and  Nottington 
Spa  near  Weymouth  (34  grains  per  gallon). J 

Water  from  a  well  at  Abingdon,  sunk  about  60  feet  through  Kimeridge 
Clay  into  Coralliin  beds,  was  slightly  inpregnated  with  sulphuretted 
hydrogen  and  iron-salt.§ 

A  spring  at  Catley  Abbey,  east  of  Digby,  and  north-west  of  Sleaford,  is 
advertised  as  the  **  Only  natural  British  Seltzer  Water."  The  water  is 
obtained  from  a  depth  of  about  80  feet  from  beds  below  the  Oxford  Clay. 

Springs  having  a  temperature  of  about  66"^  to  74°  were  noticed  at 
Chatteris  by  Mr.  F.  W.  Harmer.  Their  origin,  which  is  very  doubtful, 
has  been  discussed  elsewhere.  || 

Reference  has  previously  been  made  to  the  mineral  waters  in  the 

Jurassic  Rocks,  and  to  the  possible  sources  of  supply  of  the  saline 

ingredients.lf     In  many  cases  we  h&ve   to  look  to  deep-seated 

*  A.  Voclcker,  Joum.  B.  Agric.  Soc,  ser.  2,  vol.  ii.  p.  893. 

t  Jukes-Browne,  Geol.  Mag.,  1889,  p.  360  ;  and  Midland  Xat.,  vol.  xiv.  p.  205. 

X  Buckland  and  De  la  Becne,  Trans.  Geol.  Soc,  ser.  2,  vol.  iv.  p.  49,  Explan.  of 
Plate. 

§  Bev.  J.  C.  Clutterbuck,  Joorn.  R.  Agric.  Soc,  ser.  2,  vol.  i.  p.  281. 

II  Skertchlj,  Geol.  Fenland,  p.  248 ;  and  Whitaker,  Geol.  S.W.  Norfolk,  &c.,  p.  Idl. 

^  Memoir  on  the  Lias  of  England  and  Walts,  pp.  320-826 ;  Memoir  on  'ttte 
Lower  Oolitic  Bocks  of  England,  pp.  511-516.  Sec  also  B.  WamsgtoOy  Jottfd* 
Chem.  Soc.,  toI.  li.  p.  500, 
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DovEB  Boring. 


Thickness. 


Depth. 


Ozfordiim 

Beds. 
188  feet. 


Dark  sandy  clay 

Sandstone    -  -  - 

Black  marl    -  .  - 

Sandstone    -  -  - 

Marl  with  Oetrea  gregaria  - 

Shelly  sandstone  with 
Modiola  imhricata,  OHrea 
gregariay  Bhynchondla 
spathica    - 

Brown  sandy  marl  - 

Calcareous  sandstone 

Shale 

Marly  limestone 

Shale 

Shelly  limestone 

Dark  grey  marl 

Marly  limestone 

Brown  sandy  clay,  with 
Gryphaa  dtlaiata  -  • 

Calcareous  sand 

Sandstone     -  -  - 

Brown  sandy  day,  with 
Belemnites^  BhynehoneUa 
socialis      -  -  - 

Brown  sandstone,  with  small 
quartz  pebbles,  ganoid 
Fish-scales,  Belemniiee 
(broken  and  possibly  de- 
riyed)        -  .  - 

Calcareous  sand 

Hard  grey  limestone 

Calcareous  sand,  with  quartz 
grains,  iron-pyrites,  and 
glauconite 

Brown  sandstone  with  lig 
nite  and  shells 

Calcareous  sand 

Sandstone     - 

Clay    with    vegetable    im 
presslons  and  bivalve  shells 

Calcareous  sand,  with 
QrypTusa    • 

Dark  groy  marl 

Bluish-grey  clay 

Brown  sana 

Hard  grey  marl 
^Shelly  limestone 

Grey  marl     - 

Siliceous  limestone  - 

Sandstone 

Marl 

Shelly  limestone 

Dark  marl     - 

Earthy  limestone 

Marl 

Sandstone 

Oolitic  limestone  with  Tei'e 
hratula     gldbaia  ?     Oairea 
Sowerhyi ;    Chyphaa    and 
Belernniies .  .  - 


r 


Ft.  In. 
6    0 


2 
2 
1 
5 


3 
2 

12 

1 

4 
2 
4 
3 
1 
1 
1 
5 
1 
2 
1 


0 
0 
0 
0 


1  0 

6  0 
3  0 

43  0 

1  0 

7  0 

2  0 
34  0 

1  0 

22  0 

2  0 

3  0 


1    0 


4  0 
3  0 
3    0 


1  0 

4  0 

3  0 

2  0 

4  0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Ft.  In. 

775    0 
777    0 

779  0 

780  0 
785    0 


786  0 

792  0 

795  0 

838  0 

839  0 
846  0 
848  0 

882  0 

883  0 

905  0 

907  0 

910  0 


911    0 


915  0 
918  0 
921    0 


922  0 

926  0 

929  0 

931  0 

935  0 

938  0 

940  0 

952  0 

953  0 
957  0 
959  0 
963  0 

966  0 

967  0 

968  0 

969  0 

974  0 

975  0 

977  0 

978  0 


8    0 


986    0 
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Dover  Boring. 

Thickness. 

Depth. 

Ft.  In. 

Ft.  In. 

Sandstone     .            -            . 

1    0 

987    0 

White    shelly   oolitic    lime- 

•     stone ;  Gryphaa,  Belemnites 

9    0 

996    a 

Marl 

2    0 

998    0 

White    shelly  oolitic    lime- 

stone;   Ostrea  Sowerhyi, 

Bhyivchonella  variant 

16    0 

1,013    0 

Calcareous  sand 

6    0 

1,018    0 

Hard  grey  limestone,  with 

t        ^^ 

Oliemnitzia,          GryphtBa, 

Bhynchoti^lla       concinnaf 

• 

Serpula,  Clypeus  Ploti     - 

14    0 

1,032    0 

Sand 

1    0 

1,033    0 

Bathonian.     < 

Hard  limestone 

3    0 

1,036    0 

156  feet. 

Calcareous  sand 

1    0 

1,037    0 

Dark  grey  limestone 

10    0 

1,047    0 

Calcareous  sand 

1    0 

1,048    0 

Dark  grey  marl 

5    0 

1.053    0 

Calcareous  grit 

3    0 

1,056    0 

Bedded  sandstone    - 

3    0 

1,069    0 

Calcareous  grit 

4    0 

1,063    0 

Dark  grey  sand 

13    0 

1,076    0 

Hard  grey  clay 

7    0 

1,083    0 

Hard  dark  grey  limestone  - 

2    0 

1,085    0 

Dark  grey  marl 

1    0 

1,086    0 

Grey  argillaceous  limestone 
Marl  -            -            -            - 

3    0 

1,089    0 

1    0 

1,090    0 

Hard  grey  limestone 

1    0 

1,091    0 

Marl- 

1    0 

1,092    0 

Hard  grey  limestone 

1    0 

1,093    0 

Marl. 

1    0 

1,094    0 

Hard  grey  limestone 

2    0 

1.096    0 

Dark  grey  clay 

5    0 

1,101    0 

Earthy  limestone 

1    0 

1,102    0 

Dark  grey  clay 

6    0 

1.108    0 

Limestone    -            -            - 

1    0 

1,109    0 

Marl- 

1    0 

1,110    0 

Limestone     - 

1    0 

1,111    0 

Marl  -            -            -            - 

1    0 

1,112    0 

Sandstone     .           -            - 

1    0 

1,113    0 

Goal-measures  ( 

shales,  sandstones,  and  coal- 

seams,  dip  2°) 

"           "            "            "            * 

1,068    6 

2,181    6 

Sttb^Wcalden  Borifig, 

The  Sub-Wealden  exploration  was  commenced  in  Sussex  to 
commemorate  the  visit  of  the  Briiibh  Association  to  Brighton  in 
1872.  It  owes  its  origin  to  Mr.  H.  Willett  of  Brighton,  and  its 
main  object  was  to  reach  if  possible  the  Palaeozoic  rocks,  which  it 
was  hoped  would  be  found  within  about  1700  feet  of  the  surface. 
The  great  development  of  Oolitic  rocks  was  however  anticipated  by 
S.  V.  Wood,  jun.,  and  also  by  Mr.  Bauerman  and  Mr.  I^inahan. 

Mr.  Topley,  who  examined  the  cores,  says  that  one  noteworthy 
fact   was   the  very  gradual  transition  from  'ono  kind  of  rock  to 

z  2 
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another.  '^  Shale  passed  gradually  into  sandy  shale  and  shaly 
sandstone,  sometimes  becoming  a  true  sandstone.  On  the  other 
hand  shale  gradually  became  calcareous,  passing  into  cement  stone 
and  sometimes  into  a  tolerably  good  limestone.  The  chief  cases 
of  fairly  abrupt  change  were  at  the  occurrence  of  some  highly 
fossiliferous  bands,  when  it  would  seem  that  forms  of  life,  chiefly 
oysters,  suddenly  migrated  to  the  area  and  as  suddenly  departed."* 

Two  borings  were  made,  the  first,  began  by  Mr.  Bosworth  and  continned 
by  the  Diamond  Reck  Boring  Company,  was  carried  to  a  depth  of  1,030 
feet ;  the  second  was  carried  oat  by  the  same  Company  and  completed  iD 
1875  to  a  depth  of  1,905  feet.  The  two  borings  were  bat  a  few  yards  apart 
and  started  practically  from  the  same  level. 

Various  accounts  of  the  boring  have  from  time  to  time  been 
published.  The  actual  depth  bored  has  been  somewhat  differently 
stated  at  1^903  and  1,905  feet ;  but  we  may  take  the  latter  as  the 
correct  figure,  as  it  is  so  stated  by  Mr.  Henry  Willettf 

The  interpretations  put  upon  the  record  have  also  differed  very 
much,  not  only  those  given  by  different  authorities,  but  by  the 
same  individual.  After  having  the  benefit  of  considering  all  these 
views,  and  having  seen  the  cores  preserved  in  the  Brighton 
Museum  I  venture  to  make  the  following  grouping  of  the 
strata : — 


Sub-Wkalden  Bonnffo. 

Thickness. 

Depth. 

Fossils. 

Feet. 

Feet. 

relay   and  shale  with   bands  of 

Bfr 

limestone  or  cement-stone 

1S3 

— 

Shaly  limestone   with   veins  of 

^vi  J 

gypsum 

4 

127 

rbec 
177 

Gvpsum    and    gypseous  marls, 

&c.     -            -            -            . 

42 

169 

P-i 

Fragmentary  beds  of  shale  and 

chert  -            -            -            - 

8 

177 

*§  -"s! 

'Sandy  shale  with  chert  - 

93 

200 

i'^i. 

Soft  whitish  sandstone   - 

52 

252 

rsS  »« 

Darker  sandstone 

5 

257 

J?     ^ 

^  Sandy  shale       -            -            - 

f  Shales,     sometimes     calcareous 
and  sandy,  with  septaria  and 

35 

292 

Am,  hiplex. 
Am,  Callisto. 

cement-stones 

66S 

960 

Am,  mutabilis. 

Bituminous  shales 

40 

1,000 

■Am,  longispiniu. 

Clays  and  calcareous  sandy  beds 

4 

1,004 

Sandstone           -            -            _ 

41 

1,045 

Am,  orthocera. 

Sandy  shale        -            ^            - 

19 

1,064 

Sandy  shale    with    nodules    of 

limestone        -            -            - 

2S 

1,092 

Am,  hiplex. 

*  Science  Onferences,  South  Kensington  Museum,  1S76  (1877),  p.  380. 

t  The  Record  of  the  Sub-Wealden  Exploration,  1878.  See  also  Dixon's  Geology 
of  Sussex,  Ed.  2,  pp.  xxiii.,  6,  153 ;  .1.  F.  Blake,  Proc.  Geol.  Assoc,  vol.  vii.  p.  858  ; 
Dawkins,  Nature,  July,  31,  1890 ;  and  De  Ranee,  Bep.  Brit.  Assoc,  for  1880,  p.  18. 


SUB-WEAIJ}EM    BOBINO. 


347 


Sub-Wealden  Boring. 

Thickness. 

Depth. 

Fossils. 

Feet. 

Feet. 

Shaly  and  qaartzose  sandstone , 

dgian  Beds. 
73  feet. 

&c.      - 

45 

1,137 

Exogyra  virgula. 

Shalj  limestone  -            -            - 

27 

1,164 

Limestone          -            -            - 

4 

1,168 

Shalj  limestone  -            -            - 

14 

1,182 

Sandy  and  calcareous  shale 

94 

1,276 

■gn 

Soft  gritty  limestone 

29 

1,305 

i- 

Calcareous  shale 

20 

1,825 

£ 

Calcareous  g^rit  and  bands    of 

limestone        ... 

45 

1,370 

Limestone  and  shale 

27 

1,397 

Am.  kUlierianui, 
GervUUa  avicu^ 
hides. 

Shale     .            -            -            . 

23 

1.420 

Limestone  with  Ostrea  - 

10 

1,430 

O.  delloidea. 

Calcareous  shale 

16 

1,446 

Shale     -            -            -            - 

80 

1,526 

Shale  with  Pentacrinua,  fcQ, 

20 

1,546 

^Shale  with  calcareous  beds 

19 

1,565 

Am,  mutabUis,  A. 
Callisto. ' 

• 

^Calcareous  sandstone  with  quarts 

pebbles,  and  limestone 

95 

1,660 

Pinna  lanceolata. 

Trichites^Rhyn- 

Calcareous    shale    and  cement- 

choneUa  pinguis. 

J3  ^^ 

stone  -           -            -            . 

40 

1,700 

'gS 

Dark  shale         -            .            - 

69 

1,769 

1 

Oolitic  limestone 

17 

1,786 

Trigonia. 

^Sandy  shale       ... 

20 

1,806 

1.5 

'Dark  shale 

59 

1,865 

Am,  ChamuMseU,. 

11^ 

Limestone,  some  oolitic  • 

15 

1,880 

Am,  Chamusseti, 

^Dark  shale         .            -            - 

25 

1,905 
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APPENDIX. 


APPENDIX  I. 


CATALOGUE    OF    FOSSILS 


PROM  THE 


MIDDLE  AND  UPPER  OOLITIC  ROCKS  OP 

ENGLAKD. 


Explanatory  remarks  on  the  preparation  of  the  lists  of  Fossils  were  made  in 
the  Memoir  on  the  Lias ;  and  it  need  only  be  repeated  that  the  names  of 
species,  whose  occurrence  or  identification  is  doubtful,  are  either  omitted,  or 
tney  are  inserted  with  a  query. 

The  species  in  the  Museum  of  Practical  Geology  are  recorded ;  and  I  hare 
received  much  help  in  noting  them  from  Mr.  H.  A.  Allen,  Many  specimens 
obtained  by  Mr.  J.  Rhodes  and  myself,  during  the  progress  of  the  work,  hayo 
been  named  by  Messrs.  G.  Sharman  and  E.  T.  Newton.  To  these  ooUeagues^ 
as  well  as  to  Mr.  Allen,  I  am  indebted  for  sundry  corrections  in  the  list. 

Great  assistance  in  the  matter  of  nomenclature  has  been  received  from  the 
British  Museum  Catalogues  of  Fossil  Vertebrata,  b^  Mr.  R.  Lydekker,  and 
Mr.  A.  Smith  Woodward ;  from  the  Catalogue  of  British  Fossil  Vertebrata,  by 
Messrs.  A.  S.  Woodward  and  C.  D.  Sherbom ;  and  from  the  Catalogue  of  Britisn 
Jurassic  Gasteropoda,  by  Messrs.  W.  H.  Hudleston  and  £.  Wilson. 

Species  are  recorded  from  the  volumes  of  the  Palarantographical  Society,  and 
from  the  later  Memoirs  of  the  Geological  Survey,  as  well  as  rrom  certain  papers 
included  in  the  bibliographical  Ust,  and  to  which  special  reference  has  previously 
been  made. 

With  regard  to  local  museums  and  private  collections  of  fossils,  it  may  be 
stated  that,  in  addition  to  those  recorded  in  the  Memoirs  on  the  Lias  and 
Lower  Oolitic  Rocks,  there  are  at  Swanage,  Corfe  Cactle,  Salisbury,  Ely,  and 
Wisbech,  museums  which  contain  fossils  from  the  Upper  Jurassic  Kocks. 

Some  of  the  specimens  collected  bv  the  Rev.  O.  Fisher  from  the  Purbeck 
Beds,  and  by  the  late  Dr.  H.  Porter  from  the  Oxford  Clay,  are  in  the  Wood- 
wardian  Museum  at  Cambridge.  Many  Saurian  remains  obtained  by  Mr. 
Alfred  N.  Leeds  (of  Eyeburv),  are  in  the  British  Museum,  and  some  are  in  the 
Oxford  Museum.  The  Purbeck  Mammals  collected  by  the  late  S.  H.  Beckles 
are  in  the  British  Museum.  The  collection  of  Mr.  William  Cunnington  is 
preserved  partly  in  the  Devizes  Museum,  partly  in  the  British  Museum.  That 
of  the  late  Dr.  John  Lee  is  at  Hartwell ;  that  of  Mr.  Marshall  Fisher  is  at 
Ely ;  that  of  the  Rev.  W.  R.  Andrews  is  at  Eastbourne ;  and  that  of  Mr,  J.  C. 
Man sel-Pley dell  at  Dorchester. 
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The  species  of  Ammo7iite8  (as  before)  are  indexed  under  this  generic  name  ; 
and  a  list  of  the  sub-genera  is  given  for  convenience  of  reference. 

Many  fossils  of  the  Middle  and  Upper  Oolitic  formationd  are  illustrated  in 
Damon's  Supplement  to  the  Geology  of  Weymouth  and  the  Isle  of  Portland, 
of  which  a  3ra  edition  was  published  in  1888;  and  in  Phillip's  Geology  of 
Oxford  and  the  Valley  of  the  Thames,  1871. 

Some  of  the  Purbeck  Mollusca  are  figured  by  P.  de  Loriol,  Mem.  Soc,  Phys, 
et  Hist,  Nat.  Ge^ihe,  vol.  xviii.  1865,  p.  80. 


Refbrexcbs  to  Localities. 


D.  Dorsetshire. 

S.  Somersetshire. 

W.  Wiltshire. 

G.  Gloucestershire. 

O.  Oxfordshire. 

fie.  Berkshire. 

Bu.  Buckinghamshire. 

Bd.  Bedfordshire. 


N.  Northamptonshire. 
H.  Huntingdonshire. 
C.  Cambridgeshire. 
Nf.  Norfolk. 
L.  Lincolnshire. 
Y.  Yorkshire. 
Sx.  Sussex. 
K.  Kent  (Borings). 


The  grouping  of  the  sub-divisions  is  arranged  as  follows,  in  ascending 
order: — 

1.  Zone  of  Ammonites  calioviensis ;  Kellaways  Beds, 
twofi^::;^.       }Ox£ordClay. 

4   Zont  ot  A.  p^armatus.  Icorallian. 
6.  Zone  of  A.  pltcattlis.      J 

tzZofi^tr'"'     JKimeridgeClay. 

a-.iroflli-'-.     jPotl'^^Beds. 

10.  Lower  ] 

11.  Middle  V  Purbeck  Beds. 

12.  Upper  J 

X  Occurs  in  the  Lower  Oolitic  Rocks,  or  in  the  Wealden  Beds,  according  to 
the  column. 

It  should  be  mentioned  that  a  fuU  list  of  the  Yorkshire  Jurassic  fossils  has 
been  published  by  Mr.  Fox-Strangways,  Mem.  Jurassic  Rocka,  vol.  ii.    The 

ries  recorded  in  the  present  list  from  Yorkshire  are  those  which  also  occur 
yhere  in  England. 
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Hlciodoti  pagoda.  Blake      - 

ndlatu>.Ag.           .     - 

Oph^h,br«ioep..EK.       - 

donalit,Ag.-          ■     • 

OwBMi«»leiniii.i«. 

Pboljlophanii  brevls,  Davius 

—  rr.manlui,E,<.  ■ 
ornatii.,Ag.  ■ 
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D.-V. 

■w. 
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D. 
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D.W. 
Bu. 

Purb. 

Purij. 
Porb. 

Purb. 
Puib. 

Kim-CU 

Putb. 

Piirb. 

MIDDLE   AND   UPPER   OOLITIO   BOCKS  OF   BNOLAND : 
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ScmlMot.'^.    Bee  l*pidoti.». 

—  See  »1m3  Catanu. 
niattcdi:  SeeSlnbilodu. 

IHpHOi. 

SilaMi. 
Aoodoi     .... 

—  lepldiu,  Dollf, 
artrmoKm  (klcifer  t.  Vesner 

Hjbeda.wiutm,A«.     .    . 

dOIMlihAg. 

Plihtri,  Newton      -     - 

toptodu^Ag.          -       - 

obtunu.Ag.       - 

—  itricta».Ag.  ■         -     - 

8ee>l»Kotiduiui. 

HottdjBu.    D^rie,..  A.   8. 
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'^r-  - . . 

Orlmo^ehu,.   SeeHjbadu.. 
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D.     . 
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Kim.CL 
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Kim.  a. 
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H. 

W.  H.  N.  Y. 

W.N. 

W.L.Y. 

D.I0Y.S1, 

W. 

D,  W. 

D.W.O.B, 

Card.    Am<Jlk. 
OtCl. 

Ptriip\. 

HIDDLB  AMD  UFPBR  OOLITIC   KUCK8   OF   BKOLAND  : 
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onuitn*,  Qneiul.    - 
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creutu..  Bruit.  - 

decipleiu.  Sow.   - 
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Dunmnt,  Sow.     - 

»»r  ipiuonu.  Sow, 

Bll»b(!th>'.  Pr.tl. 
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ED<^nl.  Hup.      - 
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uTamfNi,  S«w.    Bee  A. 

..ait™,.     . 

/kmwH.   HuiuL     8m 

DuncHil, 
•— Hi(B>nlou».8ow.  - 

folbkthui.  d'Orb.    ■       ■ 

1 

i 

t 

1   J 

1 
.i 

e 

B   S 
a  s 

2 

«  1 

a  t 

t 
■ 

* 

4 
- 

- 
4 

* 

* 

to 

- 

» 

D-C.Sl.       . 

0.  Bd.  Y. 
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W.  N.  Y. 
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D. 

ir.T. 

D.toY.       - 
D.loY. 

D.toY.      . 
D.  L. 

D.IOU.      ■ 

D. 

W.Bu-N.Y 

D.C.  Y.Hif 

H.T. 

O.T. 

D.O. 

D.Y. 

D.  W.  B. 
Bu.T. 
D.loY.      - 
D.  W,  O.  0. 
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Peritph.    Btin. 
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nonit™         EnTHiuiiu. 
OMiitlml     Sow.       Bm 
heciicua.  Rein.    ■ 
vu-1unuIi.Bein.    . 

Henrioi.d-Orb.   - 
Srrimri.      Sow.        See 
Juon.Beln.''     - 

nr.  Gnlielmi,  Sow. 

K.pm.Oppel         -       - 
K«..isi.Baw.      . 

tAmlierti.  Sow.    ■ 
Leathi,    Sow.     Bee   A. 

llHH»,d'Oi*.      . 

miiUbilifctow.      .       - 
oraktiu,  Phil.    . 
(<niiilu>.S.'litciIh.  . 
orthooen,  d'Orb. 
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pliatilit.  Bow.        .       - 
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L.Y.  -        - 

D.  lo  Y.      . 
W.T. 
D.O.  L, 

C.  H. 

D.loY.      - 
D.W.B11.T. 

D.  L.  Y.      - 

D.  w.  0.  r. 

D.I0Y.  K. 

D.C.Y.  Si. 

H. 

1».W.  G.O, 

H.  Y. 
D.W.  G.Y. 

O.H.Y. 
W.  H.C.Y. 
Bi.       .       ■ 
W.O.BU.  . 
D.toY. 

n.Y. 

D.loY.  K.. 
L.Y. 

V. 

D.  aBu. 

Bpeelon  Bed*. 
Barp. 

Con. 

Colm. 

A.pid. 

Xamc. 

Card. 

Cotm.  QhUc. 

Spilibr  BuHUtom. 

Ptritp*. 

J.pid. 
Kim.  CI. 
Atpid. 

PtrUph. 

P«^ph. 
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MIDDLE   AND   tTFPEB   OOLITIC   BOCKS   OF   ENGLAND : 


1'^ 


!  I  ^  I  I 


'£     o       u   :    3       £        £ 
I    g    s   3   j.^    ,• 

alii  |;|  S 

fc    8    S,  B    &  Sife 
I  E   £:■  i  III 

J]-B     -1,-1    <    <    J 


a  S,a  515  S 


l>uL»r. 
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rotnndus.  Sow.    - 

rupalLenais,  d'Orb. 

SeOgwlfkt,  Pratt     - 

BpinoHinlmui.  n&mrHi 


Kpllibj'  SanditoTK. 


Rpilabr  Banda(«Ki. 


atulohburyi,  Pratt 

BuMltiu,  Trautsch. 

»ubundone.  PstIow 

niMavit,  Sow.     See 

modiolariB. 
— ■  nipenlea,  Phil.  - 

nitherbuidiB,  Sow. 

—  tatrioiu,  PuBch.     ■ 

Thnnnuinl,  Cont. 

■ — -  Irifldm,  Sow. 

tri^iUr,  Sow.      See 

■ —  trlplicMiM,  Sow.  - 

v«rloo8t»tafl,  Buckl, 


'    Spib>tv8drt.iVri«pJ 
Olfot.  Cnupedito 


D.W.BC.L.     ' 
Y. 


Williauaoni,  Phil. 

ADcrlncenscnllortenar,  Hor- 
AptjrphU"  hiplai,  Sow. 


lilUB,  Psrk. 
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AptTchiu  HUniteii  ?     ■       ■ 

—  politiu,  Phil.     . 

Mill. 

—  "pbii"^*"""""- 

«ipi.tilluni.Lh*rd      . 

Blunllllei,  VoHi. 

ftgrfoiin/™.   Phil.    See 

B.  .rlpKlilluin. 
Brarilin.    Phil.    Bee  B. 

h«i.t«^BI»iuv. 

v»r.  bulbcBiu,  Phil. 

IstenJi*.  Phil. 

nitidui,  Dolir.      . 

Oweni,  Pr»t( 

— w:'w£tiii^phii. 

vw.  \wnicosus,  tblL 

nUBiensia,  d'Orb. 

Bouiehi,  d'Orb.    - 

itrigo«u..Phi].       .       . 

™lc»tui.MUl.     - 

—  tnn  Wbi>"»  ?  i'Orh. 
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Cocootentbii          Uliponnis, 
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W.O.Y. 
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L.Y.  .       - 

D.toY.      - 
N.  H. 
UY. 

U.  Y. 
D.1«Y.      - 

W.T." 

L.        .        - 

D.Bu. 

O. 

11.  W.  0.  N. 

W.      -      . 
a.  L. 

1>. 

v.v»- 

KiiilCL 
Kim.  CI. 

Kim.  a. 

t  Kim.  CI. 

CSoa     B.     Hitiam 
thll.). 

U«rt«ell  Ctay. 
See  p.  IT. 

Bpilibj  HwidaKiu-. 
Ki.li.  Cliiy. 
Oi.  CI. 

MIDOI.E   Aim   UPPER   OOLITIC   BOOKS  OF  BNOLAKD  : 
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KotLVaOi—eamt. 

_pgjj^aic™.F„,rta-d 

Teudopd.  Brodlal.  Crr.       ■ 

Tra<*ft*mKit.    See   Coooo- 
teathii. 

AaU>nantanu.PhiL 

ip. 

liffnuni.  Hudl.        -       - 

Alaria  Aninoc,  d'Orb. 

BaeApoiThalg. 

biM»o«.  PUl.  . 

-agjjj-a.    Kcch    and 

tdaahaT«aaa,BuT. 

DOdllbn.     Koch     aod 

Dnnk. 
^-iMenenaU,  Blake 

i4SS5Sii.c»w.». 
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W. 
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D.T. 

D,L.T. 
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D.L. 

D.O. 

D.toT. 

C.T. 
D.  Bu. 
■W.Y. 
V. 
D.8i. 
W.   . 

Purbaok. 
Cor. 

PuFb. 

Cor.*  Oil. 

Kim.  CI. 
OiCLt 
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Porb. 
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—  itriiiU,  Sow. 

nalieoidet.    fto*.     See 

BfOa.    Sea  CjlindriW.. 

bifureUum,  Btuke 

BoudinL,  de  Lor  A  Pel- 

—  houchRrdinnuiD.do  Lor. 

CuibcBufl.deLor. 

Binravum,  Sow. 

crebruni,  BLakv      -       - 

Cullem.L«k.      - 

Dunonii.  Lye,        -       - 

rwtjcxalalum.  Blftke      ■ 

Hndlenonl.  BUke 

inoniBtum.nti?.. 

L.iDlKni.dBLor.4Cott. 

Manaeli,  de  Lor.     ■ 

Poll»ti,deLor.   - 

trinodule.  Bur.    . 
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D.WY. 
D.toY. 
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Be.Y. 

W. 

D. 

V. 

D. 

V. 

Bo.?!. 
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D.  V.H.Q. 
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Bu. 

W.Y. 

D.W.Y. 

W. 

D.W.T.     . 

a.      -      ■ 

W.Ba.Y. 

D.loY. 

D. 

D.  W.  O.  Bn. 

D. 

D. 

D.  Bu. 

U. 

DtoY.       . 

0. 

B. 

rPigured  by  D«non 

1     PImrtra  domhi, 
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Cor. 
Oor.Oit. 
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Purbeok. 

MIDDLE   AND   DFPEB   OOLITIC   BOCKS  OF  ENGLAND: 
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Emar^nula  Goldlusu.  Boem. 
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paiiciBilraU.  Vhil.          - 

Br-"*  '^■^ 
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i..Vv. 

D.O. 
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—  Planuu.  Sow. 
^0Lirtora.il'Orli.. 

telina.  Bhk«  aod  lludt. 
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L. 

L. 

».T. 

B1I.O. 

IVsvoUyi,  d'Orh.   -       - 

iMCUm.       Volt*       «nd 

Goodhaiii,  Sow.  ■ 
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NeriU  brcnipirrihi.  Phil.     - 

8m  »1io  SBrttomi  and 

Ni^ntopab. 
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HIDDLB  AND   UPPEB   OOLITIC   BOOKS  OF  BSQtJiSD: 
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HOLi-vacA—rtml. 

Qtutempo<la~ccini. 

BTMutata,  Lye,    - 

Matutori.  Borm.    -       - 

pBl«.d-Orl>.     - 
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Sowerlqv  DcBha; es«B.  Bav.  - 

~  Dukai.  Lya.  ( Damon)    - 

lonip.n'.BIaio           -      - 

Wannularln,  Phil. 
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§ 

8 
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- 

S.  Be.  Bu. 
D.toT.Bi.- 
W.  toT.    - 
D. 
W.0.B11. 

W.Bu. 
0.     - 

D.W. 

D. 

D.W.B11.T. 

D.taY. 

W.Bu. 

D.Bu. 

D.  V.  C.  Y. 

D. 

D.     . 
D.T(I). 
0.  Bi. 

aT 

D.U»T. 

C. 

Bo. 

D,O.T. 

D.W. 

W.B11. 

D.  W.  0.  Y. 

<ta.CL 
Cor. 

Purb. 
Purb. 

Cor. 

Cor. 
Cor. 

Cor. 

MOLLUSOA. 
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Localities. 


BSMABKB. 


g 

S 


*  a  3D  » 

•P  ?  •a  'O 

$  S  S  a, 

n  n  »  n 


|i|  I  II  111 


yLOLLl'SCX—Cf>Hf. 

Lam^Ubranchiata 
( Pdecypoda )  — cont. 

Sphera  •  .  .  • 

Tancrodia  brevis,  Mor.  and 

Ljc. 
curtansata,  Phil. 

disputata.    Blake    and 

Hudl. 
planata.  Mor.  and  Ljrc.  - 


■  X 


1  !  2 


3     4-66 


I       I 


7  ,  8  I  »  1 10 


•p. 


TelUna.    See  Thracia. 
Thracia  depresaa.  Sow. 

hartwellensis.  Sow. 

mcerta,  Thurm.  - 


StudeH,    Aw.     See    T. 

incerta. 

mpraJurensU,      Desh. 

See  T.  incerta. 
tenera,  Ag. 


Trichites  Ploti.  Lhwyd 
Trigonia  alina,  Contej. 

Canvi,  Mun.-Chal. 

claTellata,  8o*r. 

corallina,  d'Orb.  • 

ccwtata.  Sow.  • 

cymba,  Cont. 

damoniana.  de  Lor. 

densinoda,  Eth.  - 

elongata,  Sow. 

gibbosa.  Sow. 

Hudletftoni.  Lye.    • 

incurva,  Benott  - 

irregularis,  Seeb.    - 

juddiana.  Lye.    • 

Keepingi,  I^yc. 


i  -     112 


I   X 


I      I 


I 


I  -  I 

'  X  !  -  I  - 


11    12 !  X 


I       I 


5  I 

51 


3,4; 6    eiyls:-:-    - 


7  !  8 


8     9     -  .  - 


D     - 

().  Y  .  -     . 

D.  W.  O.  Y. 

D. 

D. 


D.  to  Y.  8z. 

Bu.  Sz. 

O.  Y.  Sx.  ?  -  i  Cor. 


POrtl. 
Cor. 


KinuCL 


-     -     D.  W.  Bu. 


-     6 


-!        -1-     -     -     -     W.Be.O.Y. 

78,9,-'-'-     -'  D.O. 


■  ? 


-     4  I  5 


-  I  2 


-I  -     6 


I        i 


-     7  !  8 


9  '  -     -  ;  -     -  !  D.  W.  Bu. 

I  I 

-  I  -     -     -     D.  to  Y.  K. 

D.  W.  Y. 

D.toC. 

D. 


I      1 


9 


I         i 


Including  T.  Bronni, 
Ag. 


I 


I 


Manmli,  Lye. 

marginata,  Damon 

Medlycotti,  Damon 

Meriani,  .\g. 


1     - 


4  ,  _     0  1  -     -     -  1  - 


-I-! 


8     9     - 


11 


D.W.O.Bu. 
W. 


34.5 


-  I  -     -     D.  B.  H.  C. 

Ml  Y. 

11    -  I  -     D.  to  Bu. 


?  Tar.  of  T.  gibbota. 


D.  O.  C.  Y. 

8     9     -     -  I  -     -     D.  W.  Bu. 


I 


8     - 


'      '  I 


rt 


^    '    ^    I    ^ 


i"'-i 


-15      -     -■-!-     -.- 


6  I  6 


D.W. 

L.  Sx. 

L 

D.  W.  Bu. 

-  -  ,  D. 

-  -  •  D. 
'  D.  to  Y. 


Spilsby  Sandstone. 
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MIDDLE  AND   UPPBB  OOLITIC  BOOKS  OP  ENOLAND  : 
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LOCUITUS. 

OEHAmEB. 

MOLLtJKl-r.,.f. 
Lam^libraaehiali 

Trlgonk  Uidwloti.  da  Lor. 
monilifcnL,  Ak.    - 

PeU«i.Mun.4.^haI.        - 

|»rU>>,  As.         - 

r»ll>tH,  Beni^lt       -       - 

robinildiia,  d'Orb. 

triqoBtrfc  Seeb.  - 

tranc»U.AB.        -       - 

vufefftM.  Cred... 

VdUtAB,   -           -       . 

-^  WoodiesrTli,  Ljc. 

plenQia,BUkoAHudl,. 

mloMum.  lock.  - 

VBldM«L..MiinWI 

TtHu:   geeCj'priiu. 

BiLicuiomu*. 
lJi»ciniBkwU.BI.k(!  - 

bnniplniEwonn,  Viv.     - 

IstlHJmm  Dbi'.        .       - 

"'.H^^-   '^  ""■'"■ 

UngnU  BroiUei.  D».    . 

! 

I 

4 

7 

* 

s 

* 

i 

s 

8 
S 

i 

B 

4 

- 

1 

It 

" 

W.  Bu. 
D.  W. 
D.  W.  Bu. 
W.  Bd.  Y. 

n.  w.  »,. 

L.        .       - 

■w.v. 

W.O. 

D.  W.  Bn. 
O.Y. 
8«.  - 
W. 

D.W. 
D.  Bu. 
W.C. 
8i. 

W.C.T.     - 
W.T. 

U.W.O.Y. 
D. 

L. 

0.  toY.8.. 

D.  O.  to  Y. 
Si. 

W.  Bq. 

OJ.CI. 

O..C1. 

Cor. 
Cor. 

Cor. 
OtCI. 

UKACHIOPODA. 
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8PECIEe. 


Brachiopoda— rOM^ 

Linfn^la  ovalis.  Sow. 

Orbicula.    See  DiaciiUL 

Rhynchonella         coralliiia, 

Leym. 
incoiistans.  Sow.  - 

lacunosa,  Schlotb.  - 

Iflcvirofltris,  McCoy 

—  obsoleta.  Sow. 

pinf^uis,  Boem.    • 

vnr.  pectunculoide«, 

Etall. 

—  I)ortlandica,  Blako 

siibvanabilid,  Dav. 

vaiiaiiH,  Sohloth. 

var.  SmithI,  Walk. 

var.  socialifl,  Phil. 

var.  spathica,  Lam. 

var.       Tliurmanni, 

Voltz. 
Torcbratula  bisuffarcinata, 

Ziet. 
insignia.  SchQbl.  - 

var.       maltonensis 

OppeL 
int<*rniedia,  Sow.     - 


nxonicnsis.  Walk. 

subsella,  Leym.  - 

Thccid(>uin  omatum,  Moore 

pygmwuni,  Moort» 

triaugulare,  d'Orb. 

Waldhc'mia      bemardiana, 

d'Orb. 
boloaiensis.  Sauv.  k  Big< 

bucculenta.  Sow.    • 

dorsetcnsis,  Dav. 

Gcsnori,  Etall. 

HudlCHtoni,  Walk. 

impreHfn,  von  Buch. 

lampan.  Sow. 


Ox.  CI.  ?  ;  Cor. 


MIDDLE    AND   UPPEB  OOLITIC   BOOKS    OF  BNOLAND  : 


Si  i 


■  °i'  - 


ill 


ni.    ctllovieiuii.  i 

DftT.  , 

BeHanU^taU.  Moore 

POLTEOA. 

DlMtopoi*     dilDTiua.     M.  i ' 
Bdw. 

Lepnlia  ■  -  i 

Fii«ndMbDll>U,EML 

I 

CSCBTA.OU. 

Macrmra.  | 

rillin-'-"'      Isocheli,  H.  | 

BiTm>B)ibcBui.  Ktsllon  ■  j 

GBorgei,  Cfcrter    ■ 

Ibmddikilii,  Ke^r  -  : 

1  pulehall*.  Carter  -[ 


Tontrcak.  Vlejet 

TOlsni,  UorUre  ■ 


BrTOn  nblerii,  Cirter 
QaitroMiRU  Wetileri.  Mf^sr  i 
OlTphoi  farrviginM.     B1«ke  I 
biliridB,  Oirter    ■  •] 


fCor. 

W.  Ksllowmraui*. 


O1.CI, 


-™»-^M..   .      .1-1-'.:-:- 

-    -1-    -l-^-|-|-[-[o.H.y.    . 

_:'-"'■.•  :;::|::|; 

-\.:X.-X^.^- 

toTiD«».0«im             •     -     -iJsl- 

■^         ■  ■    ''    ■                 

:     1     1     i     1     1     1     1     .^- 

CRUBTAOBA. 


M  I 

j,      *      O        C 

lit  s*  l\^ 


i     ^ 
I     I 


is 


Jfammro— cotit. 
UMOCheinu  P«arc«i,  HcCof 
Pejtotii.  H.  Woodw.      ■ 

—  »oci»lii.  Kejer    ■ 

FtrodutMiuf  locUii,  Car- 
ter. 
PiwudDclrpUM       ■       ■       - 


t    -    -    ---;--    -----    w.Y. 


Bracktmra 


PmMpon  nuririiutuiD.  Hrjrrr    -  i  -     -  .  -     -  '  i 


Cirripedia. 
1  concinnui,  Morrii 
Koch   Mid 


Bnlnllum  nUculali 

Bbke. 

Oilraeeda. 


10 1 11    -     -  ;  D.  W. 


-rr 


CudaMaTi«ta,Joiie<<        -'-    -.--'-    -    - 

rnirid~DunkCTi.Jonf.      -     -     -     -     -'-     - 

gnniUon.  Sow.  -           -'---i-l-l- 

■ 
■ 

- 
- 
- 

R    10 

'j       .' 

T  r 
"I'-l- 

11' -1- 

.i!-i- 

D.  Vr.  Bii. 

U.W.B11. 

D.  W.  Hi. 

D.W.Sl 

D.  W.  Bi. 

D. 

D.W.Si. 

D. 

D. 

— ™r.  Ribbon.  Torbra    -,-1-.-    -!-;- 

" 

n 

li  - 

— «i>iitiB™,8™.    -    -;-  -'«.-  -'-,- 

v.r.«ljnncta.JoM.    -     -!-,-|-'-^- 

is-'d. 

— .-.".-■    -i-i-rr-i-- 

' 

1 

Tir 

MIDDLE  AND   yPPKR   OOUTIC  BOCKS  OF  ENGTAND  : 


ill  5  s  i  i  j.ij 


m 


Cmida 


<^rii  poTbeckeiuis,  Torlxw  j  - 

8m  alio  Metarrpria. 

Cjibere  letirugMa.  Jonei    -  '  ' 


legumiiivlU.    - 
HaUoTprii  Porbesi,  Jonea  ■    ■ 
r.vemiooMi,  Ji>nei<    - 


Cottnpttra, 
Asrilui  oyllRbBcii*.  Vin 

of IIbtuj.  Woatw. 

atrombus,  TTBitw. 


-1-1- 


H 


Beemlm  Boprdti 

ADcjlmrhelni  taleu,  VmIw. 
Bupreatium  bolbi 


—  rtrgnua,  Weitw. 


.(Ctprit. 
.  'j     ttriato-punriat 
iC     Forbn. 


. 

1, 

-1- 

D.    -          . 

>ouM-!d. 

1«   -!-'-!«. 

.0 

.1 U- 

D. 

10 

JJ 

D. 

10 

-1  - 

D. 

10 

:: 

-  - 

D. 

10 

" 

-;- 

B. 

10 

" 

-1- 

-■ 

lliip™iiim  W™ll,>ji,WM». 

K 

- 

. 

- 

10 

II 

. 

D. 

-  ,-  1-     -  i-U,,l  .,...|ol-'  -■- 

W. 

""•'&.'•'—"■"•:- 

^j-i-'-i-  -!io|-,-;- 

IJ. 

-|-|j-'.;.',oiui-i-  D. 

<\f7loniitriii(ura.  Broil.        •  1  - 

-!-!- 

. 

.i.i„i-!-   -Iw   .       . 

-■-  io!uI-;-!d. 

Dunknri.  Oicb.    -           .     - 

.'-  . 

--'"!■•;-]-!»■ 

iffiiolB.  Oicb.  ■         ■     .    -  1  -  1  -    - 

- 

I'un'Inellk  Neptiini,  Gieb.     .  ,  -     .  |  -  |  . 

. 

-1- 

- 

- 1-  U(»;ii|  -1  -   u- 

(.«,«»«■«.       See     Hydro-  |      '      ^      ' 

1 

. 

1 

-I''- 

WertwoodlOieb.           -1- 

- :-  - 

- 

-1- 

11 

Crypticus  Unneri,  Olpb. 

- :-  - 

10 

11 

D. 

OtenirOTiuin  bliuiu.  Weitw. 

-  -  - 

10 

11 

- 

I). 

—  h)rk.lM.Wertw. 

-1- 1- 

10 

11 

D. 

Cjinindi..ntiqu«.Gieb.       - 

- 

10 

11 

- 

D.W. 

BsTTfchi,  Oisb,    . 

- 

- 

ID 

11 

- 

D. 

»;rpbonvetii.lui,Gieb.  -     ■ 

- 

- 

10 

W. 

Dyli^M         - 

- 

' 

_ 

11 

D.W. 
D. 

Ehtmium  buTPtu.  Wntw.  ■ 

-  - 

-|10 

11 

D. 

Boniiri,  Oifb.           ■     - 

- 

- 

-1,. 

11 

D. 

Owei.i,Oieb.        - 

. 

-|- 

- «, 

11 

D. 

proiuena.  WeMw.     ■      . 

- 

- 

-„ 

11 

D. 

-1- 

V. 

trlopM.  HBrtir.  - 

. 

- 

-    will 

D. 

M-enieri.aiBb.     . 

_ 

-ilO-     - 

W.  Bu. 

Rlmia  Brodiri.  Qwb.       ■      • 

- 

J. 

-    ,0|-     - 

W. 

- 

-iioiu  - 

D     - 

- 

-;io|u  - 

D. 

^EwsldUGieb.      - 

' 

■ 

- 

10 

" 

D. 

MIDDLE   AND    DPPEB   OOLITIC   ROCKS  OF  ENQL&ND  : 


Srscisa. 
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111  ill! 
1,1,1  III  11 

r 

BKMASn. 

IlTBlCT*— WBf. 

nothnu,  Wetlir. 

BrodW.Gieb.        -       - 

Hfloplom  ■#mbu«,  We.tw.    ■ 

Hrdrobiui        purbeekenii^ 

We«tweodi,Gieb. 

Hjpensi.tl.iiiU.Gieb 

IJranlttl 

Prionni  InHquiu.  Qitb.        ■ 

(Elrtmol  beetle.)        -      - 

Hyrmlciam  Heeri.  We«w.  - 

Ptmen,Broditi.Vaaw.  See 
Ponnidum. 

Abildupllata.6>eb. 

(OrthopWW. 
fioluuipmiaplii,  BmliH     - 

1>- 

A«rir.nliliuinFtDii,We.tw. - 

- 
- 

- 
- 
- 

' 

■ 

- 

- 

• 
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10 
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10 

10 
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10 
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11 

11 

11 
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■ 
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D. 
V. 

w. 

D.        -       . 
W. 

w. 
w. 

D. 
W. 
D. 
W. 
D. 
D. 
W. 
D. 
D. 

D.        .       . 
D.        -       . 

D. 

w. 

D.        .       . 
D. 

HekvldiuID. 

fliuitint. 

Agrion. 
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1 
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1 

1 

1 

1 

1 

hoc^UnxB. 

SB 

i 
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1 
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1 
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i 

A'mi-op(*™-«Mll. 
Cjajniim      h»wit«oni»iium. 
EU  Siphfw.  WeitB.      .       - 

LeptOMrid*    . 

uiliquuiD,  Brod.    -       - 

iurasiioi,  Gipb.   . 

KBiip].W«tw.       .       - 

pelfificata.Eiieen.    Bef 

Com  pi  us. 
Undfia.    Scd  Ltbirllala. 

J««  Hoeriifi.  OiBb.   Bee 

OrtbopblebU  bi[uR!kta,aiBb. 

miouta.  Gieb.         -       - 

Pl^ymthiu KHtrUGifb.  Bee 
TemiBi  pandienis. 

Stalino.   SeeElabnjiluM. 

blminiiiBrDdud,0[«b. 
CfBonUtm.   SeenndarNm- 
Adoui*  Pitloni,  Brod. 

, 

: 
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^ 
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- 
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10 

10 

10 
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10 
10 

11 
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- 

- 

D. 
D. 

W. 

W. 

B. 

V. 

D.        -       - 

D.W. 

W. 

D. 

w.   ■     ■ 

W. 

V.      .       ■ 

D. 

W. 

W.    - 
D.    . 

LibelluU. 

Pwb. 
-Bothrtj." 

MIDDLE    AND   UPPEB   OOLITIO   BOCKS   Of   ENOLAND : 
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LOCUJTIBt. 

— 
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1 
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IirOBCTA— rant, 

DipHm-cont. 
AiubiBrodlei.Gieb.     -       ■ 
Bria    pritca,    Brod.      Sen 
Cimp,l<^ita.  SeaCecidcHii. 

Wotw. 

Chironomii)  ht<«»i>.  Gisb. 
eitinctiu.  Brod. . 

CqIm  lOMilii,  Brod.   . 
Sara,    SeeCulei. 
Hi«>]an>1eo.Gieb.       .       ■ 

Bee  Sami. 

J'lnlgi>,-.<  Piling  Brod,  See 

Adonui. 
Eom«Ii»,phhii.Qi£*.  -       - 

BIin>hiupriKtu.Brod.       - 

8uiun»lka,Biid.       ■      - 

adophila          oaia,     Brod. 

SinmUdinm'himidiim,  Brod. 

priKiim,  WestT.    .       . 

TKiypu.  dnMoi,  Brod. 

ThlmiHtdeloumBrod.  .      - 

Thine  Wertwaodi,aiib.      . 

Tlpol.     .      .      .      .      - 

iHtmipUra.Boiiu>i,Ura). 
Apbladubl>,aieb.     • 
—  pi™.Brod.   .      .      . 

^Mensia.Brod, - 

AilniBgert«li.Brod.   -      . 
Kmngotli.   Qleb.      Bee 

l«iiC«iUtk,H«eT. 
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10 
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V. 

D. 

W, 
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W. 

W. 

W. 

W. 

W,       . 
D. 
W. 
W. 
D. 

„. 

W. 

w. 
w. 

•V.   . 
D. 

w. 

SmpUh, 
WmnUDiD. 
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1 
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1 
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LOCIUTIH. 

1 

4 
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I 

1 
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1 
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IniOTl— flnt. 

Somoptira}-waU 

il«iioreti.W«rtw. 

Cireoptit.   BeeCeroopidinm. 

PKionfcTertir.  . 

poncUtum.B™!.  -       . 

amieidium  Dallati.Vre^tw. 

See  Lr^f  ilM. 
Ciliiu  rriaciilaLus,  Brgil. 

IMphupulober.Brod. 

HTdromatra 

KWdoceiy.     - 

LTR«iteiDtUl>d,W(irt«.     • 

(un»tii»,  Oi«b.    - 

prlMOi^Qitb.    ■ 

HcrioUu. 

Ncpldlqmnol0DM.Veit«.  . 

Nmrooorii    - 

Pichymenu.      8m     Beido. 

VeU»      .... 

(MAepUra, 
AWsiiiliriiu.  Wurtw.     Be* 
Aofaet*S«dswioU.Bi«dhi    ■ 

(•toni.Scnd.    - 

ei>piii,6ct>d.      . 

Ko!tari,Qieb.      . 

l(KluhlMi.Boiid.         - 

. —  reeta,aieb.      . 

- 

- 

I 
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; 

- 

a 

B    I 

-  1 

-  I 

-  1 

-  1 

-  1 

-  I 

-  1 
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-  1 
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-■ 
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In 

1„ 
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11 
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11 

0  11 

« 

- 

D. 
D. 

D. 
D. 

D.     . 

D. 

W. 

V. 
V. 
W. 
D. 
D. 
Q. 
D. 
D. 
D. 

W. 
W. 

V. 

Cicada. 

Blittliu. 
Purb,.SllBlHld. 

BIMta. 
Part>,lD«nid. 

MIDDLE  AND  DPPER  OOLITIC  BOOKS  OF   ENGLAND  : 


BPICIBfl. 

11            1            '     i         i 

li;  1 J  1  ^  1 

t  1,1  S  i-5  J  1  !  1 

|.i,l,l,i4,Jlill 
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APPENDIX  n. 


LIST    OF    WOUKS 


SKIATmO  TO  THB 


JUEASSIC  HOCKS  OF  ENGLAND  AND  WALES, 

COHFILBD  BY 

H.  B.  WOODVVAED  and  C.  FOX-STRANGWAYS. 


In  the  two  lists  now  given  it  has  been  the  object  to  record  all  important  works 
dealing  with  the  stratigraphy  and  palsdontology  of  t^e  Jurassic  Rocka  of 
England  and  Wales.  In  the  first  list  the  publications  of  the  Geological 
Survey  are  enumerated:  in  the  second  list  the  principal  papers  and  other 
works  on  the  subject  are  given  in  chronological  order.  The  titles  of  those 
papers  which  have  been  found  to  contain  no  original  information  are  omitted. 
Moreover  it  has  been  decided  not  to  insert  references  ^o  works  that  deal  only 
with  economic  matters,  such  as  limes  and  cements,  and  also  thoae  on  afn- ' 
culture,  mineral  waters,  S^.  In  the  text  references  are  given  to  worki  xhht 
have  afforded  special  information. 

Papers  that  treat  particularly  of  the  Jurassic  Rocks  of  Scotland  and  Ireland 
will  be  recorded  in  the  concluding  volume  of  the  Memoir  on  the  Jurasaio 
Rocks  of  Britain,  a  work  which  w&l  deal  with  those  areas. 


List  of  Authoas. 


(The  figures  refer  to  the  dates  of  pabHcatioD8,',those  in  brackets  indicating  Geological 

Survey  Works  enumerated  in  List  No.  I.) 


Abel,  F.  A.,  1863. 
Addy,J.,  1883. 
AoASSiz,  Louis,  1833-44. 
Aluson,  T.,  1869. 
Ammon,  L.  von,  1877. 
Andrews,  C.  W.,  1895. 

,  Rbv.  W.  R.,  1881,  1891,  1834. 

Anning,  Mabt,  1839. 

Anon.,  1826, 1829,  1837, 1862-66, 1868- 

71,1873-76,1879-81. 
Ansted,  Prop.  D.  T«  1866. 
Anstie,  John,  (1873-75). 
AROiix,  W.,  1874. 
Arm  iTAOB,  J.,  1871. 
Austen,  Rjkv.  J,  H.,  1851. 
Adbtin,  Fort-Major  T.,  1867. 
AvBiiNR,  W..T.,    (1844-45,    1857-61^ 

1874-75). 

B. 

Badcook,  P.,  1$68. 
Bailt,  W.  H.,  I860, 1863. 
Baker,  H.,  1754. 

,  J.  G.,  1868. 

,  T.  R  Llotd,  1856. 


Barr,  T.  M.  1874. 

Barrett,  C.  1878. 

Barrois,  Dr.  C.  1894. 

Barrow,  Oeorob,  (1878-86,   1888-89, 

1891)1877,1880. 
Barrt,  C.  183a. 
Bats,  CSfenob,  1884. 
Bates,  E.  F.,  1886. 
Bather,  F.  A.,  1886. 
Badebman,    H.,     (185a-59,     ia6«-63i 

1865). .  .  ' 

Baxter,  R.  C,  1881. 
Bean,  William.,  1886,  1839. 
Bedford,  W.,  1839, 1843. 
Beeslet,    Thomas.,     1872-78,    1877. 

1883.  : 

Bell,  J.  L.,  1872. 
Bennett,  F.  J.,  (1891). 
Bbwick,  J^  1858, 1861. 
BncNBT,  E.  W.,  1859. 
Bird,  C,  1861. 

,  J.,  1818,  1822. 

Blackwxll,  J.  K.,  1856. 
Blainviixb,  H.  D.  de.,  1888. 
Blake,  C.  Cartbb.,  1868. 

^  Prof.  J.  F.,  1872-78,  1876*81, 

1885, 1887-88, 1891-98, 
,  J.  H.,  (1878),  1872. 
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BULNFORD,  W.  T.,  1885. 

Booo,  Edward,  1816. 

BoxNEY,  Prop.  T.  G.,  1875,  1877. 

BoTT,  A.,  1870. 

BouLANOBR,  G.  A.,  1887, 1891. 

BovLGBR,  Trot,  G.  S.,  1876. 

BOWERBANK,    Dr.    J.    S.,    1840,    1841, 

1848. 
BoYD,C.  1807,  1810. 
Bradt,  H.  B.,  1864-65. 
Brannon,  p.,  1872. 
Bravbnoer,  John,  1868. 
Bright,  Dr.  K.,  1817. 
Bristow,  H.  W.,  (1845,  1850-52, 1855- 

59,1865-67,    1870-71,    1878,    1875), 

1867,  1869. 
Brogkbamk,  W.,  1866. 
Broderip,  W.  J.,  1828,  1835,  1889. 
Brodib,  Rev.  P.  B.,  1839,   1842,  1843, 

1845,  1847,  1849-51,  1858-54,  1857- 

58,    1861,   1865-69,    1870,    1874-75. 

1888-90,  1893-94. 

,  W.  R.,  1876. 

BBOiroNiAET,  Ad.,  1825,  1828, 1850. 
Browbtt,  a.,  1889. 
Brown,  A.,  1894. 

,  Capt.  T.,  1843, 1849 

,  T.  C,  1873. 

,  W.,  1861. 

Browne,  M.,  1889-91,  j893. 

Bruce,  A.  C.«  1868-69. 

BuCKLAND,  Rev.  Prop.  W.,   1823-24, 
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Vernov,  Rev.  W.,  1826,  1829. 
Vine,  G.  B.,  1880-^1,  1883-84, 188Z 
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JUBASSIG  ROCKS  OF  ENGLAND  AND  WALES: 


W. 

Waaobn,  Dr.  W.,  1865. 

WiLCOTT,  John,  1779. 

tVALpoKD,  E.  A.,  1878,   1882-83,    1885, 

1887,  1889,  1894-95. 
Walker,  J.  F.,  1869-70,  1875-78,  1888, 

189C,  1892-93. 
Wallis,  A.  M.,  1891. 
Walter,  R.,  1854. 
Walton,  John,  1847. 
Ward,  L.  F.,  1884. 
Warrington,  R.,  1866. 
Watson,  J.,  1861. 
Watt«,J.  K.,  1853. 
Weaver,  Thomas,  1824. 
Webster,  Thomas,  1826. 
Westos,  C.  H.,  1848-49,  1852. 
Wkstwood,  Prof.  J.  O.,  1841,  1854. 
Wethekkd,  Ki>wari>  B.,  1886,  1888-91, 

1895. 
WniDBORNE,  Rev.  G.  F.,  1883. 
Whitakek,     William,     (1859,     1861, 

1863, 1865, 1869, 1875-89, 1891, 1893), 

1878,  1886,  1889-90,  1893. 
Whiteaves,  J.  F.,  1861 
WiCKES,  W.  H.,  1893. 
Willett,  K.  W.,  1881. 

,  H.,  1878,  1889. 

Williams,  D.  H.,  (1845,  1848). 
Williamson,  Prof.   W.   C,   1836-37, 

1841, 1849,  1855,  1870, 1883. 
Wills,  II.,  1871. 
Wilson,     Edward,    1879,      1885-87, 

1889-93. 

,  Dr.  G.,  1861. 

,  Rev.  J.  M.,  1868-69,  1872,  1875. 

Wilton,  Rev.C.  P.,  1826,  1830. 
Winch,  N.  J.,  1821-22. 


Winkler,  Dr.  T.  C,  1873,  1876. 

Winter,  R.,  1810. 

WiNwoOD,  Rev.  H.  H.,  1872,  1874-76, 

1878-79,  1888,  1891-93,  1895. 
Witchell,  Edwin,   1862,    1867,    1868, 

1875,  1880,  1882,  1886-88. 
Witham,  H.,  1831-83. 
Wood,  Rev.  U.  H.,  1877. 

,  N.,  1859. 

,   S.  v.,  J  ON.,  1862-63. 

Wood  all,  J.,  1857. 
WooDKOUSE,  Rev.  T.,  1878. 
Woods,  H.,  1822,  1829. 

,  Henry,  1891. 

Woodward,  A.  Smith,  1885-95. 

■    ,  O.  J.,  1881. 
,  Dr.  Henrt,  1863,  1865-66,  1868- 

70,  1874,1876-78,1881,188:-,    18S8- 

90,  1892-93. 
,  Horace  B.,  (1873-76,  1882,  1886, 

1891),  1870-72,  1874,  1885-89,  1891- 

93. 
-,  Dr.  John,  1728-39. 


— ,  Samuel,  1833. 

,  S,  P.,  (1856),  1848,  rB60. 

Wooler,  — ,  1759. 

W^orthington,  J.  K.,  1881-82. 

Worthy,  G.  S.,  1861. 

Wright,  Dr.  Thomas,  1851,   1854-58 
1860-62,    1864-65,     1867,     1870-7), 
1875  -76,  1878,  1880-82, 1887. 


Y. 

Yates,  J.,  1849. 

Young,    Rev,    G,    1817-19,    1821-22, 

1824-25. 
,J,  T.,  1878. 
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i.— PUBLICATIONS  OF  THE  GEOIOGICAL  SURVEY.  AND  OF  THE 

MUSEUM  OF  PRACTICAL  GEOLOGY. 

Maps. — Scale,  ]  inch  to  a  mile. 

Sheet  5. — [Purbeck  Beds,  at  Battle,  near  Hastings,  by  F.  Drkw,  and  C.  Gould.] 
1864. 

Sheet  13. — [Cornbrash  to  Purbeck  :  Faringdon,  Bampton,  Abingdon,  Oxfprd, 
ana  Thame,  by  E.  Hull.]     1860. 

Sheet  14. — [Great  Oolite  to  Purbeck  Beds  :  Trowbridge,  WcMtbnry,  and 
Melksham,  by  \V.  T.  Ayelixk  and  H.  W.  Bristow.]     1857. 

Sheet  15.— [Corallian  to  Purbeck  Beds  :  Tisbury,  Vale  of  Wardour,  by  II.  W. 
Bristow.]     1856. 

Sheet  16. — [Kimeridge  Clay  to  Purbeck  Beds :  Swanage,  St.  Aldhelms  Head, 
Kimeridge,  and  Mewps  Bay,  by  H.  W.  Bristoav.]     1855.  " 

Sheet  17. — [Lower  Lias  to  Purbeck  Beds  :  Charmouth,  Bridport,  Burton  Brad- 
stock,  Weymouth,  Portland,  and  Lulworth  Cove,  by  H.  W.  Bristow.]     1850. 

Sheet  18. — [Lower  Lias  to  Kimeridge  Clay  :  Langport,  Somertou,  Wincanton, 
Stalbridgc,  South  Petherton,  Yeovil,  Sherborne,  Sturminster  Newton,  Crewkernc  and 
Bcaniinstcr,  by  H.  W.  Bristow.]     1850. 

. — New  edition.  [Lias,  &c,  by  H.  W.  Bristow,  H.  B.  Woodward,  and 

W.  A.  E.  UssHER.]     1875. 

Sheet  19. — [Lower  lias  to  Kimeridge  Clay  :  Bath,  Dundry,  Bradford-on-Avon, 
Frome,  Brutoo,  Shepton  Mallet,  Glastonbury,  Castle  Cary,  by  H,  T.  De  la  Bbche, 
J.  Philups,  D.  H.  Williams,  A.  C.  Ramsay,  H.  W.  Bristow,  W.  T.  Avelhie, 
and  T.  E.  James.]     1845. 

. — New   edition.  [By  II.  W.  Bristow,  H.   B.  Woodward,  W.   A.  E. 

UssnER  and  J.  II.  Blake].     1873. 

Sheet  20. —  [Lower  Lias,  &c.  :  Watchet,  Puriton,  Brent  Knoll,  Uphill,  LaYemock, 
Aberthaw,  by  H.  T.  De  la  Beoiie.]     Before  1839. 

Sheet  21. — [Lower  Lias,  &c. :  Ilminster,  Axminster,  by  H.   T.  De  la  Beche.]   ' 
Ikfore  1839. 

Sheet  22.— [Lower  Lias:  Axmouth  to  Lyme  l?egig,  by  H.  T.  De  la  Beche.] 
Before  1839. 

Sheet  34. — [Lower  Lias  to  Purbeck  Beds  :  Calne,  Chippenham,  Corsham, 
Swindon,  Highworth,  Cricklade,  Malmesbury,  Tetbury,  Cirencester,  Fafrford,  Stroud, 
Michinhampton,  by  W.  T.  Aveline  and  E.  Hull.]     1857. 

Sheet  35. — [Lower  Lias  to  Forest  Marble  :  ^Marshfield,  Chipping  Sodbury, 
Wotton  Underedge,  Dursley,  Frocester,  Purton  Passage,  Patchway,  and  Gold  Cliff, 
by  D.  H.  Wtlliams,  John  Phillips,  A.  C.  Kamsay,  H.  W.  Bristow,  and 
William  Sanders.]     1845. 

.—New  edition.  [By  H.  W.  Bristow.]     1865. 

Sheet  36. — [Ix)wer  Lias  :  Lliswtrry  near  Newport,  Penarth,  Cowbridge,  Bridgend, 
Sutton,  and  Southerndown,  by  H.  T.  De  la  Beche,,  and  others.]     Before  1845. 

. — New  edition.  [By  H.  W.  Bristow,  and  H.  B.  Woodward.]     1873. 

Sheet  43  N.E. —  [Lower  Lias  :  near  Hasfield  and  Berrow,  by  H.  H.  Howell.] 
1855. 

Sheet  43  S.E. — [Lower  Lias  to  Inferior  Oolite  :  Gloucester,  Haresfield,  and 
Westbury-on-Sevem,  by  A.  C.  Ramsay  and  H.  H.  Howell.]     1845  and  1855. 

Sheet  44. —  [Lower  Lias  to  Cornbrash  :  Cheltenham,  Tewkesbury,  Winchcomb, 
Evefiham,  Chipping  Campden,  Shipston-on-Stour,  Moreton-in-the-Mariih,  Stow-on- 
the-Wold,  and  Burford,  by  E.  Hull  and  II.  H.  Howell.]     1856. 

Sheet  45  N.W. — [Lower  Lias  to  Forest  Marble  :  Chipping  Norton,  Deddington, 
and  Banbury,  by  H.  Bauerman  and  T.  R.  Polwhelb.]     1859. 

. — New  edition.  [Revision    (colour  only)  of  Northampton  Sand,  by  J.  W. 

.Iiidd.]      1871. 

Sheet  45  N.E. — [Lower  Lias  to  Oxford  Clay  :  Brackley  and  Buckingham,  by  T. 
R.  Polwuelk  and  A.  H.  Green.]     1863. 

.—  New   edition.  [Revision    of  Northampton   Sand,  by    J.  W.  Judd.] 

1871. 

Sheet  45  S.W- — [Lower  Lias  to  Corallian  :  Witney,  l^tonesfield,  and  Woodstock, 
by  E.  Hdll.]     1859. 

t)t3   ^ 
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Sheet  45  S.E. — [Great  Oolite  to  Purbeck  Beds  :  Bicester,  Brill,  and  Qnainton.  by 
E.  Hull,  H.  Bauerman,  W.  Whitakkr,  and  T.  R.  Polwhkle.]     1863. 

Sheet  46  S.W.— [Oxford  Clajto  Porbeck  Beds  :  Aylesburj  and  Whitchurch,  by 
E.  Huix,  H.  Baukrman,  W.  Whitakkr,  and  A.  H.  Grbbn.]      1865. 

Sheet  46  N.E.— [Oxford  Clay  :  near  Anipthill,  by  W.  Whitaker.]     1869. 

Sheet  46  N.W.— [Upper  Lias  to  Oxford  Clay  :  Winslow,  Stony  Stratford,  Fenny 
Stratford,  Newport  Pagnell,  by  A.  H.  Gree5  and  J.  R.  Dakyns.]     1864. 

Sheet  51  N.K.— [Kimeridge  Clay  :  West  of  Mildcnhall  Road  Station,  by  S.  B.  J. 
Skbrtoult.]     188i3. 

Sheet  51  N.W.— [Oxford  Clay  to  Kimeridge  Clay:  St.  Ives,  Ely,  and  IJpware 
by  H.  B.  Woodward,  W.  H.  Penning,  S.  B.  J.  Skkrtchly,  and  A.  J.  Jukes- 
Browne.]     1882. 

Sheet  51  S.W.^[  Oxford  and  Kimeridge  Clays  :  Elsworth  and  Boxworth,  by  W. 
H.  Penning  and  A.  J.  Jukes-Browne.]     1881. 

Sheet  58  N.E. — [Great  Oolite  to  Corallian  :  Kimbolton  and  Huntingdon,  by  U. 
H.  Howell.]     1864. 

Sheet  52  N.W.— [Upper  Lias  Clay  to  Oxford  Cbiy  :  Wellingborough,  Kettering, 
Rothwell,  Thrapston,  and  Higham  Ferrers,  by  H.  H.  Howbll.]     1864. 

. — New  edition.  [Additional  Lines  and  Revisions,  by  J.  W.  Judd.]     1870 

Sheet  52  S.W.— [Upper  Lias  to  Oxford  Clay  :  Northampton,  Olney,  and 
Harrold,  by  H.  H.  Howell.]     1868. 

. — New  edition.  [Revisions  at  Northampton,  by  J.  W.  Judd.]     1871. 

Sheet  52  S.E.  ^[Great  Oolite  to  Kimeridge  Clay  :  Bedford  and  St.  Neots,  by  H. 
H.  Howell.]     1864. 

Sheet  58  N.E.— [Lower  Lias  to  Great  Oolite  :  Braunston,  Kilsby,  East  and  West 
Haddon,  by  W.  T.  Avicline  and  H.  H.  Howell.]     1859. 

— — . — New  edition.  [Revision  of  Oolites,  by  J.  W.  Judd.]     1870. 

Sheet  53  S.E  —[Lower  Lias  to  Forest  Marble  :  Towcester,  Daventry,  by  W.  T. 
Aveline  and  R.  Trbnob.]     1859. 

— — . — New  edition.  [Revision  of  Northampton  Sand,  by  J.  W.  Judd.]     1870. 

Sheet  53  S.W. — [Lower  and  Middle  Lias  and  Northampton  Sand  :  Kineton, 
Homton,  Edge  HiU,  Chipping  Warden,  Fenny  Compton  and  Sontham,  by  H.  H. 
Howell.]     1856. 

. — New  edition.  [Revision  of  Northampton  Sand,  by  J.  W.  Judd.]     1870. 

Sheet  53  N.W. — [Lower  Lias  :  Stockton,  Church  Lawford  and  Rugby,  by  H.  H. 
Howell.]     1855. 

Sheet  54  N.W.-  [Lower  Lias  :  near  Hanbury,  by  A.  C.  Ramsat,  J.  B.  Jukbs, 
H.  H.  Howell,  and  B.  Hull.]     1852. 

Sheet  54  N.E. — [Lower  Lias  :  Near  Wotton  Wawen  and  Knowle,  by  H.  H. 
Howell.]     1855. 

Sheet  54  S.W. — [Lower  Lias :  Pershore,  Crowle  and  Himbleton,  by  H.  H. 
Howell.]     1854. 

Sheet  54  S.E. — [Lower  and  Middle  Lias  :  Cleeve  Prior,  Temple  Grafton, 
Wilmcote,  Stratford-upon-Avon,  &c.,  by  H.  H.  Howall.]     1854. 

Sheet  63  N.E. — [Lower  and  Middle  Lias:  near  Leicester,  Barrow-on -Soar,  and 
Loseby,  by  H.  H.  Howell.]     1855. 

. — New  edition.  [Additional  lines  (Middle  Lias),  by  J.  W.  Judd.]     1873. 

Sheet  63  S.W. — [Lower  Lias :  near  Willy,  by  H.  H.  Howell.]     1855. 

Sheet  63  S.E. — [Lower,  Middle,  and  Upper  Lias  :  Lutterworth,  Market  Bar- 
borough  and  Wigston  Magna,  by  W.  T.  Ayelinb  and  H.  H.  Howell.]     1859. 

Sheet  64. — [Lower  Lias  to  Oxford  Clay  :  Melton  Mowbray,  Oakham,  Uppingham, 
Stamford,  Peterboroogh,  Oundle,  Rockingham,  Whittlesea  and  Ramsey,  by  J.  W. 
Judd.]     1872. 

Sheet  65. — [Oxford  and  Kimeridge  Clays  :  March,  Downham  Market,  King's 
Lynn,  by  W.  Whitaker  and  S.  B.  J.  Skertchlt.]     1886. 

Sheet  70. — [Lower  Lias  to  Kimeridge  Clay  :  Vale  of  Bel  voir,  Grantham,  Corby, 
Sleafbrd,  Ancaster,  byj.  W.  Judd,  W.  H.  Hollowat,  W.  H.  Peniono,  W.  h! 
Dalton,  and  A.  J.  Jukbs-Bbownb.]     1886. 

Sheet  71  S.E. —  [Lower  and  Middle  Lias  :  Wimeswold,  Old  Dalby  and  Owthorpe* 
by  B.  Hull.]     1 855. 

•  — New  edition.      [By  W.  T.  Avklinr.]     1879. 
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Sheet  73  N.E. — [Lower  Lias  :  Adderley,  near  Audlem,  by  A.  K.  Selwtn.] 
1857. 

Sheet  73  S.W. — [Lower  and  Middle  Lias  :  Frees,  by  A.  B.  Selwyn  and  E. 
Hull.]     1855. 

Sheet  73  NW. — [Lower  Lias  :  Barley  Dam  and  Ightfield,  by  A.  B.  Selwtn  and 
E.  Hull.]     1855. 

Sheet  73  S.E. — [Lower  Lias  :  near  Moreton  Say,  by  A.  R.  Selwtn  and  E. 
Hull.]    1855. 

Sheet  83. — [Lower  Lias  to  Kiraeridge  Clay  :  Lincoln,  Gainsborough,  Homcastle 
and  Market  liasen,  by  W.  H.  Penning,  W.  H.  Dalton,  A.  C.  G.  Cameron, 
W.  A.  K.  Ussher,  A.  J.  Jukes-Browne,  and  A.  Strahan.]     1886. 

Sheet  84. — [Kimeridge  Clay  :  Spilsby,  by  A.  J.  Jukks-Browne  and  A.  Strahan.] 
1884. 

Sheet  86. — Lower  Lias  to  Kimeridge  Clay  :  Kirton-in-Lindsey,  Ghunford  Briggs 
(Brigg),  Whitton,  Cave,  and  Brongh-on-the-Humber,  by  C.  Fox-Strangwats  and 
W.  A.  E.  UsdHBR.]     1887. 

Sheet  93  N.E.  (N.S.  68).— [Lower  Lias  to  Kimeridge  Clay  :  Castle  Howard,  North 
Grimston,  and  Kirkby  Underdale,  by  C.  Fox-Stranoways.]     1882. 

Sheet  98  N.W.  (N.S.  62).— [Lias  :  Easingwold,  by  W.  T.  Aveline,  J.  R.  Daktnb 
and  C.  Fox-Stranoways.]     1874. 

Sheet  93,  S.E.  (N.S.  71). — [Lower  lias  :  Pocklington,  by  C.  Fox-Strangwats 
and  A.  C.  G.  Cameron.]     1885. 

Sheet  94  N.W.  (N.S.  64).— [Lower  Calc.  Grit  to  Kimeridge  Clay:  North 
Grimston  and  Wharram,  by  J.  R.  Dakyns  and  C.  Fox-Stranoways.]     1884. 

Sheet  94  S.W.  (N.S.  72). —  [Lower  Lias  to  Kimeridge  Clay :  Londesborough, 
Market  Weigh  ton,  and  Cave,  by  J.  R.  Dakyns  and  C.  Fox-Stranowats.]     1884. 

Sheet  95  N.W.  (N.S.  44).— [Lower  Lias  to  Upper  Calc.  Grit:  Hackness,  Coast 
between  Whitby  and  Scarborough,  by  C.  Fox-Stranoways  and  G.  Barrow.] 
1881. 

Sheet,  95  S.W.  (N.S.  54). — Lower  Oolites  to  Kimeridge  Clay  :  Scarborough, 
Filey  and  Eastern  portion  of  Vale  of  Pickering,  by  C.  Fox-Stranoways.]     1881. 

Sheet  95  S.E.  (N.S.  55). — [Kimeridge  Clay  and  Portlandian  Beds  :  Speeton,  by 
C.  Fox-Stranoways.]     1881. 

Sheet,  96  S.W.  (N.S.  52).— [Lower  Lias  to  Kimeridge  Clay  :  Thirsk,  Hambleton 
Hills,  and  Coxwold,  by  H.  H.  Howell,  C.  Fox-Stranoways,  A.  C.  G.  Cameron 
and  G.  Barrow.]     1884. 

Sheet  96  N.E.  (N.S.  43).— [Lower  Lias  to  Middle  Calc.  Grit :  Egton,  Rosedale, 
and  Helmsley  Moors,  by  C.  Fox-Stranoway9,  C.  Reid,  and  G.  Bakrow.]     1883. 

Sheet  96  N.W.  (N.S.  42). —  [Lower  Lias  to  Lower  Limestone:  Stokesley, 
Northallerton,  and  Hambleton  Hills,  by  H.  H.  Howell,  C.  Foz-Strangwayb, 
A.  C.  G.  Cameron  and  G.  Barrow.]     1883. 

Sheet  96  S.E.  (N.S.  58). — [Lower  Lias  to  Kimeridge  Clay  :  Malton,  Pickering, 
Helmsley,  &c.,  by  C.  Fox-Stranoways.]     1882. 

Sheet  103  S.E.  (N.S.  33).— [Lias  and  Lower  Oolite  :  Eston,  by  H.  H.  Howblu 
A.  C.  G.  Cameron,  and  G.  Barrow.]     1880. 

. — ^New  edition.     1889. 

Sheet  104  S.E.  (N.S.  35).— [Lias  and  Lower  Oolites  :  Whitby,  by  G.  Barrow.] 
1880. 

Sheet  104  S.W.  (N.S.  34.) — Lower  Lias  to  Kellaways  Rock  :  Guisborongh,  Coast 
from  Redcar  to  Runswick  Bay,  by  G.  Barrow.]     1880. 

Sheet  107  S.E.— [Lower  Lias  :  West  of  Oariisle,  by  T.  V.  Holmes.]     1888. 

Maps. — Scale,  6  inches  to  a  mile, 

Yorkshire. 

Sheet  7. — [Lower  and  Middle  Lias  :  Coast-line  adjoining  Redcar,  by  G.  Barrow.] 
1881. 

Sheet  8.— [Lias  and  Lower  Oolite  ;  Saltbum,  by  G.  Barrow.]     1888. 

Sheet  9. — [Lias  and  Lower  Oolite :  Coast^line  adjoining  Staithes,  by  G.  Barrow.] 
1878. 
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Sheet  17.— [Lias  and  Lower  Oolite :  Guisboroiigh,  by  G.  Barrow.]     2888. 

Sheet  20.  — [Lias  aud  Lower  Oolite:  Coast  line  near  Lythe,  by  G.  Barbow.] 
1879. 

Sheet  82.— [Lias  and  Lower  Oolite  :  Whitby,  by  G.  Barrow.]     1880. 

Sheet  33.— [Lias   and  Lower  Oolite  :    Coast  north  of  Robin  Hood's  Bay,  by 
G.  Barrow.]     1878. 

Sheet  46.— [Lias  to  Kellaways  Rock  :   District  west  of  Robin  Hood's  Bay,  by 
G.  Barrow.]     1879. 

Sheet  47.— [Lias  and  Lower  Oolite  :   Robin  Hood's  Bay,  by  G.  Barrow.]      1879. 

Sheet  62.— [Lower  Oolite  to  I^ower  Calc.  Grit:  Cloughton  and  Harwood-dAle 
Moor,  by  C.  Fox-Stranoways.]     1879. 

Sheet    77.— [Lower    Oolite    to    Upper    Calc.   Grit:    Hackness,    by    C.    Fox- 
Strangways.]     1878. 

Sheet  78. — [Upper  Est.  Series  to  Lower  Limestone  :  Scarborough,  by  C.  Fqx 
Strangways.]     1878. 

Sheet  93. — [Lower  Oolite  to  Kimeridge  Clay :  Bromptou  and  Scamcr,  by  C.  Fox- 
Strangways.]     1879. 

Sheet  94. — [Lower  Oolite  to  Kimeridge  Clay  :  Coast  between  Scarborough  and 
Filey,  by  C.  Fox-Stranoways.]     1879. 

MS.  Copies  of  other  Six-maps  of  Yorkshire,  and  of  parts  of  the  Midland  Comities, 
Dorsetshire,  &c.  are  deposited  for  reference  in  the  Greological  Survey  Office,  London. 


Horizontal  .Scc/io/w— Scri/e,  6  inches  to  a  mile. 

Sheet  11. — Section  near  the  Bendick  Rock,  near  Barry  Island,  Glamorgan,  to  Allt 
Llwyd,  Brecknock,  by  Sir  H.  T.  De  la  Becub  and  D.  U.  Williams.     1848. 

Sheet  12. — From  the  Ebwy  River,  near  Cefn  Crib,  Monmouth,  across  the  Forest 
of  Dean,  to  Garden  Cliff,  Gloucester,  by  D.  H.  Williams.     [N.D.] 

Sheet  13.  No.  3.— Section  through  Keys  ?]nd  Hill  and  Berrow  Hill,  by  John 
Phillips.     [N.D.] 

Sheet  14.  No.  1.-  Section  from  Pyrton  Passage  through  Cam  Long  Down  and 
Uley  Bury  to  Kingscote  Park,  Gloucestershire,  by  H.  W.  Bristow. 

No.  2. — From  ;the  Great  Western  Railroad  near  Saltford  Station,  over 

Round  Hill,  Charmy  Down,  &c..in  the  direction  of  the  Box  Valley,  nearSlaughterford, 
by  A.  C.  Ramsay. 

•  No.  3. — Section  from  Dodington  Park,  by  Wapley  and  Winterboum,  to  the 

Severn  Flats  near  Chittening  Wharf,  by  H.  W.  Bristow  and  D.  H.  Willl\m8.    1845. 

. — New  edition.     1867. 

Sheet  15.  No.  1. — Section  from  Ridge  Bam  Hill  near  Castle  Cary,  Somerset- 
shire, to  Jay  Hill,  near  Bitton,  Gloucestershire,  by  Sir  H.  T.  De  la  Beche,  A.  C. 
Ramsay,  and  D.  H.  Williams.     1845. 

— . — New  edition  (by  H.  W.  Bristow).   1871.    (Continuation  to  Wincanton, 
&c.  in  Sheet  22.) 

Sheet  16. — Section  from  Mere,  Wiltshire,  to  Vobster,  Somerset,  by  H.  T.  De  la 
Beche  and  D.  H.  Williams.     1845. 

. — New  edition  (by  H.  W.  Bristow).    1871. 

Sheet  17.— Section  from  Glastonbury  Tor  across  the  Mendip  Hills,  and  by  Dundry 
Hill,  Clifton,  Bristol,  and  Blaize  Castle,  to  the  Severn  Flats  near  Compton  Green- 
field, by  H.  T.  Dk  la  Beche,  Trevor  K.  James,  W.  Talbot  AvELiNE,and  William 
Sanders.     1844. 

. — New  edition  (by  H.  W.  Bristow).     1871. 

Sheet  19. — Section  from  the  Hill  east  of  Honiton  Church,  to  the  Tertiary  Strata 
east  of  Dorchester,  by  H.  W.  Bristow.     1851. 

. — New  edition.     1866. 

Sheet  30.— Section  from  the  Bill  of  Portland,  Dorsetshire,  to  Ridge  Bam  Hill,  near 
Castle  Cary,  Somersetshire,  by  H.  W.  Bristow.    1852.     (Continuation  in  Sheet  22.) 

Sheet  21. — Section  from  the  River  Brue,  South  of  Glastonbury  Tor,  Somerset,  to 
the  Sea  at  Golden  Cap,  Dorsetshire,  by  H.  W.  Bristow.     1852. 

.—New  edition.   1873. 
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She«t  22.--N0.  1.  Section  from  Cadbury  Castle  to  tb»  north-east ;  No.  2.  ^Section 
from  the  Coast,  east  of  Lulworth  Cove,  Dorsetshire,  to  Cadbury  Castle,  Somerset- 
shire, by  H.  W.  Bristow.     1855. 

Sheet  41. — Section  from  south-west  to  north-east  across  Lower  Lias  (Sharington 
Park),  &c.,  by  E.  Hull.  1857.  [With  Explanation  by  E.  UuLLand  A.  H.  Green. 
1864.] 

Sheet  46.— No.  2.  Section  from  Nailstone  Cliurch,  through  Bagworth  Colliery 
.  .  .  to  the  Lias  Limestone  quarries  near  Barrow-on-Soar,  by  H.  H.  Howell. 
1858.     [With  Explanations.     1859.] 

Sheet  48.— From  Laiy  Hill  .  .  .  near  Stanford  Hall,  to  Wysall,  by  H.  H. 
Howell.     1858.     [With  Explanation,  1869]. 

Sheet  51. — ^Section  through  the  [I^wer  Lias,]  New  Red  Sandstone,  &c.  and  the 
Warwickshire  Coal-field,  by  H.  H.  Howell.     1858.     [With  Explanation,  1859]. 

Sheet  56. — No.  1.  Section  from  the  Sea  at  Broad  Bench,  to  Worgret  Heath, 
near  Wareham,  Dorsetshire ;  No.  2.  Section  from  the  Sea  at  St.  Alban*8  Head,  to 
Kussel  Quay  in  Wareham  liay ;  Mo.  3.  From  the  Sea  at  Tilly  Whim,  across 
Branksea  Island,  to  Poole  Harbour ;  No.  4.  From  the  Sea,  cast  of  Lulworth  Cove, 
to  Bindon  Hill ;  by  H.  W.  Bristow.     1859. 

Sheet  59. — From  Marlborough  Downs,  Wiltshire,  on  the  south,  to  the  River 
Avon,  Worcestershire,  on  the  north ;  crossing  the  Cretaceous,  Oolitic,  and  Liassic 
formations  of  Barbury  Hill,  Swindon  Hill,  the  Cotteswold  Hills,  and  the  outlier  of 
Bredon  Cloud,  by  E.  Hull.     1860.     [With  Explanation,  1861.] 

Sheets  71  and  72. — No.  1.  From  Nettlebed  Hill,  Oxfonlshire,  on  the  south  to 
the  Burton  Dassctt  Hills,  Worcestershire,  on  the  north  ;  by  Cuddesden,  and  Shot- 
over  Hill,  Oxford,  Islip,  Kirtlington,  Deddington,  Crouch  Hill,  near  Banbury,  and 
Warmington :  showing  Tertiary,  Cretaceous,  Oolitic,  and  Liassic  formations, 
including  the  Middle  Lias  Ironstone.  No.  2.  Drawn  from  Lamboum  Downs, 
Berkshire,  on  the  south,  to  Parsonage  Farm  near  Kencoti,  Gloucestershire,  on  the 
north ;  through  Woolstone,  Longcott,  and  Great  Coxwell,  near  Faringdon ; 
showing  Cretaceous  and  Oolitic  formations.  By  E.  Hull.  1867.  [With  ExplanatioDr 
1869.] 

Sheet  78. — Section  from  the  Chalk  of  the  South  Downs  at  Beachy  Head,  Sussex  ; 
to  the  Chalk  of  the  north  Downs  near  Boxley,  north-east  of  Maidstone,  by  H.  W. 
Bristow,  C.  Le  Neve  Foster,  W.  Toplby,  and  W.  Boyd  Dawkins.  1867. 
(  Purbeck  Beds  near  Battle.) 

Sheet  81. — From  White  Hill,  near  Kingsclere,  in  Hampshire,  to  Pinsley  Wood, 
near  Handborough,  in  Oxfordshire,  by  H.  W.  Bristow  and  E.  Hull.     1870. 

Sheet  82 From  Handborough,  in  Oxfordshire,  to  Milverton  near  Warwick,  by 

H.  H.  Howell  and  E.  Hull.     1870. 

Sheet  103. — Section  across  the  northern  part  of  die  Somersetshire  Coal-field, 
from  Broadfield  Down,  by  Chew  Magna,  Stanton  Wick,  Pensford,  Marksbury,  and 
Newton  St.  Loe,  to  Tiverton  near  Bath,  by  John  Anstib  and  H.  B.  Woodward. 
1874. 

Sheet  104. — Section  across  the  Somersetshire  Coal-field  from  Chewtou  Mendip 
by  Farrington  Gumey,  Paulton,  Camcrton,  and  Dnnk^'rton,  to  Combe  Down,  near 
Bath,  by  John  Anstib,  J.  McMurtrie,  and  H.  B.  Woodward.     1875. 

Sheet  105. — Section  across  the  southern  part  of  the  Somersetshire  Coal-field  from 
the  Mendip  Hills,  near  Binegar,  by  Stratton-on-the-Fosse,  Midsummer  Norton, 
^dstock,  Clandown,  Braysdown,  and  Foxcote,  to  Norton  St  Philip,  by  John 
Anstie  and  H.  B.  Woodward.     1875. 

Sheet  107. — Section  from  Portskewet,  in  Monmouthshire,  across  the  River  Severn 
at  New  Passage,  by  Stoke  Giffard,  in  Gloucestershire,  across  the  Bristol  Coal-field 
through  Westerleigh,  to  Wapley,  by  JonN  Anstie  and  H.  B.  Woodward.     1875. 

Sheet  111. — Section  across  the  Bristol  Coal-field  and  the  north  part  of  the 
Somersetshire  Coal-field,  from  Cromhall  at  the  north,  through  Iron  Acton  to 
Mangotsfield,  through  Warmley  to  Willsbridge  at  the  south  of  the  Bristol  Coid-field, 
thence  to  Keynsham  and  Compton  Dando,  in  Somersetshire,  by  John  Anstib  add 
H.  B.  Woodward.     1875. 

Sheet  112. — Section  across  the  Somersetshire  Coal-field,  from  Houndstreet  on  the 
North,  through  Farmborough,  Timsbuiy,  Clandown,  Radstock,  Kilmersdon,  and 
Mells,  crossing  the  east  end  of  the  Mendip  Hills  at  Whatley,  to  Long  Knoll 
near  Maiden  Bradley,  by  Joha  Anstib  and  H.  B.  Woodward.     1875. 

Sheet  121. — Section  across  the  Chalk  of  Hertfordshire,  from  3  miles  eastward  of 
Ware,  by  Baldock,  across  the  Gault  and  Lower  Greensand  of  Bedfordshiie,  to 
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Everton,  and  across  the  Oxford  Clay  lo  a  point  4  miles  N.W.  of  Kimbolton,  by 
W.  H.  Penotno.     1878. 

Sheet  122.— Section  from  the  Three  Shire  Stone  4  miles  N.W.  of  Kimbolton 
(Hunts),  through  Thrapston,  Rockingham  Forest  (Northamptonshire),  Uppingham 
(Rutland),  and  across  Burrow  Hill  to  the  River  Eye,  west  of  Melton  Mowbray 
(Leicestershire),  by  William  H.  Hollo  way.     1879. 

Sheet  124. — Section  from  Budden  Wood,  across  Mount  Sorrel,  Burrow  Hill 
(Leicestershire)  The  Vale  of  Catmos,  through  Oakham  and  Ketton  (Rutland),  Ut 
the  Fenland  at  Peterborough  (Northamptonshire),  by  W.  H.  Holloway.     1887. 

Sheet  125. — Section  north-north-westward  from  the  C^alk  (S.  of  Dunatable), 
across  the  Gault,  the  Lower  Oreensand  (S.  and  W.  of  Wobum)  and  the  Oxford 
Clay  to  just  E.  of  Newport  Pagnell,  and  thence  northward  across  the  Lower 
Oolites,  and  the  Lias,  to  beyond  Mears  Ashby,  by  W.  Whitakbr  and  W.  H. 
Holloway.     1881. 

Sheet  130.— From  the  Lower  Lias  at  Staithes,  through  the  Lias  and  Oolites  of 
Whitby,  Robin  Hooirs  Bay,  the  Oolites  of  Hackness  and  Hatton  ^ushel ;  and 
across  the  Vale  of  Pickering,  to  the  Chalk  of  Willerby  Wold,  by  C.  Fox- 
Stbanoways  and  G.  Barrow.     1883.     [With  Explanation,  1891.] 

Sheet  181.— From  the  Yorkshire  coast  at  Redcar,  across  the  Ironstone  Measures 
of  Upleatham,  and  the  Lower  Oolites  of  Skelton,  Stanghow  and  Dauby,  with  the 
outliers  of  Kellaways  Rock  at  Freeborough  Hill  and  Danby  Beacon  ;  thence  across 
the  valley  of  the  Esk,  and  the  Lower  Oolites  of  Egton,  and  Pickering  Moors,  to  the 
Middle  Oolites  of  Levisham,  Kingthorpe  and  Thorcton  Dale,  and  across  the  Vale  of 
Pickering,  to  the  Chalk  at  Knapton,  by  C.  Fox-Stranoways,  C.  Reid,  and 
G.  Barrow.     1883.     [With  Explanation,  1891.] 

Sheet  1 82. — From  the  estuary  of  the  Tees  at  Middlesborongh,  across  the  Ironstone 
Measures  and  Lower  Oolites  of  Eston,  Roseberry  Topping,  and  Easby  Moor,  the 
Lias  of  Ingleby  Greenhow,  the  Oolites  of  Helmsley  and  Rievanlx  Moors,  and  the 
Howardian  Hills,  to  the  Lias  of  Braudsby  and  Stillington,  by  C.  Fox-Stranoways 
and  G.  Barrow,  1883.     [With  Explanation,  1891.] 

Sheet  133  — From  the  Coal  Measures  and  Magnesian  Limestone  of  Ferryhill, 
across  the  Trias  north  of  Darlington  and  the  valley  of  the  Tees,  to  the  Lias  and 
Lower  Oolite  of  Whorlton  and  Osmotherley  Moors  ;  thence  across  the  Middle 
Oolites  of  Black  Hambleton,  the  Lower  Oolite  and  Lias  of  Boltby,  Hood  Hill, 
Kilbum,  Coxwold  and  Husthwaite,  to  the  Lias  and  Trias  of  Easingwold,  by  H.  H. 
Howell,  C.  Fox-Stranoways,  and  G.  Barrow.  1884.  [With  Explanation, 
1891.] 

Sheet  134. — From  the  Cod  Beck  east  of  Northallerton,  across  the  Lias  and  Lower 
Oolite  of  Over  Silton,  the  Middle  Oolite  of  Black  Hambleton,  and  the  Lower  Oolite 
and  Lias  of  Snilesworth  Moor,  Bilsdale,  Bransdale,  Famdale  and  Rosedale  ;  thence 
across  Egton  High  Moor,  the  Murk  Esk,  Sleights  Moor,  and  Sneaton,  to  the  Coast  at 
Hawsker  Bottoms  south  of  Whitby,  by  C.  Fox-Strangways,  C.  Reid  and 
G.  Barrow.     1883.     [With  Explanation,  1891.] 

Sheet  135. — From  the  Lower  Lias  of  Upsall  near  Kirkby  Knowle,  across  the 
Lower  Oolite  of  Boltby  Moor,  the  Middle  Oolite  of  the  Hambleton  Hills  and  the 
outliers  near  Hawnby ;  thence  along  the  edge  of  the  Tabular  escarpment  by 
Cropton,  Saltersgate,  HackncsR  and  S^mer  Moor,  to  the  Ix)wer  Oolite  of  (Jristhorpe 
Bay,  by  C.  Fox-Stkanoways  and  G.  Barrow.  1884.  [With  Explanation, 
1891.] 

Sheet  136. — From  the  Jjias  below  Whitestone  Cliff,  across  the  Oolites  of  the 
Hambleton  Hills,  Helmsley,  Kirkby  Moorside,  Pickering,  Allerston,  Bromptou  and 
Ayton  to  the  Coast  at  Scarborough ;  illustrating  the  general  structure  of  the  Middle 
Oolites  on  the  north  side  of  the  Vale  of  Pickering,  by  C.  Fox-Stranoways.  1884. 
[With  Explanation,  1891.] 

Sheet  137. — From  near  Knaresborough,  across  the  Trias  of  the  Vale  of  York,  the 
Lias  and  Oolite  of  Crayke  and  the  Howardian  Hills,  the  Oolite  of  the  Vale  of 
Pickering,  Kirkby  Moorside,  Lastingham,  Pickering  and  Fylingdale  Moors,  to  the 
Lias  of  Robin  Hood's  Bay,  by  C.  Fox-Strangways  and  G.  Baurow.  1884. 
[With  Explanation,  1891.] 

Sheet  138. — Section  A. — From  Hovingham  Spa,  across  Terringtou  and  Stittenham 
to  Flaxton  ;  Section  B. — From  Slingsby  across  Castle  Howard  Park  to  Barton-le- 
Willows;  Section  C— From  Amotherby  and  Swinton  across  Hildenley,  Huttons- 
Ambo,  and  Westow  to  Leppington ;  Section  D. — From  Wintringham,  along  the  edge 
of  the  Wolds  by  Settrington,  North  Grimston,  and  Birdsall,  to  Water  Dale  and 
Kirkby  Underdale;  by  C.  Fox-Stranowat8.     1884.     [With  Explanation,  1891.] 
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Sheet  139. — Along  the  westeru  escarpment  of  the  Wolds;  illastrating  the  over- 
lap of  the  Cretaceous  Bocks ;  from  the  Oolites  of  Malton,  Langton,  Barvthorpe, 
Leayening,  Acklam  and  Kirby  Underdale,  across  the  Lias  and  Keuper  Marl  of 
Bishop  Wilton,  Kildwick  Percy,  Londesborongb  and  Market  Weighton,  to  the 
Oolites  of  Sancton,  Newbald,  Sooth  Cave  and  Brough-on-the-Hiimber,  by  O.  Fox- 
Stbanowats.     1884.     [With  Explanation,  1891.] 

Sheet  140. — Section  from  Bishopstone  near  Hart  well,  through  the  Oolites  and 
Lias  of  Bucks  and  Northamptonshire  (near  Buckingham  and  Daventry),  and 
through  the  Lias  and  New  Red  Marl  of  Warwickshire,  ^m  Rugby  to  near  WibtofV 
(5  miles  S.S.E.  of  Hinckley),  by  Prof.  A.  H.  Gbkek,  H.  B.  Woodward,  and 
W.  H.  Penning.     1886.     [With  Explanation,  by  H.  B.  Woooward,  1891.] 

Vertical  Sections, 

Sheet  22. — Comparative  Sections  of  the  Purbeck  Strata  of  Dorset  :  1.  Durlston 
Bay;  2.  Worbarrow  Bay;  3.  Mewpa  Bay;  4.  Ridgway  Hill,  railway  cutting ;  by 
H.  W.  Bristow  and  the  Rev.  O.  Fishkb.     1857. 

Vertical  Section  of  the  Purbeck  Strata  of  Lul  worth  Cove,  Dorsetshire,  by 
H.  W.  Bristol  and  W.  Whitakrk.     1859.     (On  Horizontal  Sections,  Sheet  5$  ) 

Sheet  46. — Vertical  Sections  of  the  Lower  Lias  and  Rhsetic  or  Penarth  Beds  of 
Somerset  and  Gloucester-shires,  (Puriton,  Horfield,  Uphill,  Upper  Knowle,  Whit- 
church (Somerset),  Aust  Ciiff,  Westbury  Cliff,  Patchway,  Sidtford,  Weston  near 
Bath,  Paultou,  Wells  (Somerset),  Shepton  Mallet,  and  (button),  by  H.  W.  Bristow, 
R.  Etueridok,  and  H.  B.  Woodward.     1873. 

Sheet  47. — Vertical  Sections  of  the  Lower  Lias  and  Rhsetic  or  Penarth  Beds  of 
GUiucrgan,  Somerset,  and  Gloucester -shires,  (Penarth,  Street  (Somerset),  Laver- 
nock,  Penarth  Roails,  Curry  Rivell,  St.  Audries'  Slip,  Combe  Hill  (Gloucestershire), 
and  Watchet),  by  H.  W.  Bristow  and  R.  Etheridob.     1873. 

Sheet  48. — Somersetshire  and  Gloucestershire  Coal-fields.  (Braysdown  Pit,  Upper 
Writhlington  Pit,  Tyning  Pit,  Wellsway  Pit— Lias  and  Inferior  Oolite),  by  John 
Anstib.     1873. 

Sheet  49. — Somersetshire  and  Gloucestershire  Coal-fields.  (Norton  Hill  Pit,  and 
Farmborough  Pit — Lias),  by  John  Anstib.     1878. 

Sheet  50. —  Somersetshire  and  Gloucestershire  Coal-fields.  (New  Mells  Pit — 
Lias  and  Inferior  Oolite),  by  John  Anstib.     1873. 

Sheet  51. — Somersetshire  and  Gloucestershire  C^al-fields.  Greneral  Vertical 
Section  near  Keynsham  (Queen  Charlton — Lias),  by  John  Ansre.     1873. 

Sheet  52. — Somersetshire  and  Gloucestershire  Coal-fields.  (Greneral  Vertical 
Section  near  Claudown — Lias  and  Inferior  Oolite),  by  John  Anstib.     1873. 

Sheet  67. — Oolites  of  the  Yorkshire  Ck)ast,  fW)m  Filey  to  Cloughton,  by  C.  Fox- 
Strangways.     1876. 

Memoirs,  ReportSf  Decades,  ^c. 

1839. 

De  la  Bkchs.  H.  T. — ^Report  on  the  Geology  of  Cornwall,  Devon,  and  West 
Somerset.    8vo.     London. 

1846. 

De  la  Bbchb,  Sir  H.  T. — On  the  Formation  of  the  Rocks  of  South  Wales  and 
South-western  England.     Mem.  GeoL  Surv.,  vol.  i.,  pp.  1-296. 

Ramsay,  [Sir]  A.  C. — On  the  Denudation  of  South  Wales  and  the  adjacent 
Counties  of  England.     Mem.  Geol,  Surv.,  vol.  i.,  pp.  297-885. 

1848. 

Forbes,  Prof.  E. — On  the  Astcriadse  found  fossil  in  British  Strata.  Mem.  Geol, 
Surv.,  vol.  ii.,  pt  2,  pp.  457-482.     8vo.     London. 

Ransomk,  T.,  and  B.  Cooper. — On  the  Composition  of  some  of  the  Limestones 
used  for  Building  purposes    .     .     Mem,  Geol.  Surv.,  vol.  ii.,  part  2,  pp.  685-702. 

1849-72. 

Forres,  E.,  and  others. — Figures  and  Descriptions  illustrative  of  British  Organic 
Remains.    4to.  and  8vo.    London. 
Decade  1.    Echinodermata,  by  E.  Forbes.     1849. 
„      3.  Do.  by  E.  Forbbs.     1850. 

„      4.  Do.  by  E.  Fobbbb.     1852. 


♦  » 

8. 

>» 

9. 

»l 

12. 

»» 

13. 
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XI.KY 

.     1872. 
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Decade  6.     Echinodermata,  by  E.  Forbes,  S.  P.  Woodwakd,  and  J.  W.  Sat^tcb 
1856. 
„      6.      Fishes,  bj  Sir  P.  de  M.  G.  Eokkton.     1852. 
Do.       by  Sir  P.  de  M.  G.  Eoerton.     185*). 
Do.       by  Sir  P.  de  M.  G.  Eoerton.     1858. 
Do.       by  T.  H.  Huxlky.     1866. 
Do.      by  A.  GiiNTHKR,  Sir   P.  de  M.  G.  Eoerton,   and   T.   H. 

1855. 

De  la  Bkohe,  Sm  H.  T.,  and  T.  Reeks. — Catalogac  of  specimens  illustrative  of 
the  Composition  and  Manufacture  of  British  Pottery  and  Porcelain.     8vo.     London, 
.—Ed.  2,  1871,  and  Ed.  3,  1876,  by  T.  Reeks  and  F.  W.  Rudlkr. 

1856. 

Smyth,  W.  \V.— The  Iron  Ores  of  Great  Britain.  Part  I.  The  Iron  Ores  of  the 
North  and  Midland  Counties  of  England.  Analyses  by  .1.  Spillkr  and  A.  B.  Dick. 
8vo.     London. 

1857. 

Hull,  E. — The  Geology  of  the  country  around  Cheltenham.     8vo.     I^ndoti. 

Hunt,  Uon«RT. — A  Descriptive  Guide  to  the  Museum  of  Practical  Geology.  8vo- 
London. 

.—Ed.  2,  1859,  by  R.  Hunt; 

.—Ed.  3,  1867,  and  Fxl.  4,  1877,  by  R.  Hunt  and  F.  VV.  Ridlkr; 

.—Ed.  5,  1895,  by  F.  W.  Rudler. 

1858. 

Ramsay,  A.  C,  W.  T.  Aveline,  and  E.  Hull. — Geology  of  parts  of  Wiltshire 
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N.I3. — Names  of  Persons  (authors,  observers,  and  informants)  are  in  small  capitals. 

Names  of  Fossils  of  which  there  are  figures,  or  to  wliich  special  reference  is  made» 

are  in  italics. 


A. 


Abingdon,    119,    217,   332,   340,    341; 

Corallian  of,  1 23>125 ;  Kimcridge  Clay 

of,  166,  167. 
Abbotsbury,  19,  30,  92-94,  162,  306. 

Iron-ore,  82,  95,  323,  325. 

Abbots  Kipton,  56,  328. 

Acre  House  Mine,  177,  294,  319,  328. 

Afflington,  253,  316. 

Agriculture,  296,  304. 

Aish,  200,266,318. 

Akeley,  46,  47. 

Alabaster.     See  Gypsum. 

Alaria  trijlday  1 1  (tig.) 

Alconbury  Hill,  56,  305. 

Alfotd,  289,  294,  339. 

Alum,  160,  322. 

Ambrosden,  45. 

Ammonites,  Horizons  of,  288  ;    List  of, 

359 ;   List   of  sub-generic  names  of, 

359  ;  Zonal  species  of,  350.     See  also 

under  Zones. 
Animonitee   aUei-Jians,    152,    155    (fig.), 

157. 
Bakerim,  9,  11  (fig.),  50,  54,  55. 

—  biarmatus,  9,  73. 

—  biplex,  152,  154,  156  (fig.). 
'  boloniensiSj  182,  199. 
calloviensis,  8,11  (fig.). 

—  catena,  75,  125. 

cordattis,  8,  13  (fig.)»  "5. 

—  cordatus  var.  excavaius,  157. 
— —  crenatuSy  12  (fig.)* 

—  Vuncani,  12  (fig.)* 

—  eudoxuSf  15»>  (fig.). 

giganieus,  J  82,  183  (fig.),  199, 

gigas,  182.  235. 

—  gravesianus,  287,  288  (fig.). 
gravesiformis^  288. 

Jason,  8,  12  (fig.). 

Koenigi,  11  (fi^.). 

Lamberti,  8,  9,  12  (fig.). 

—  macrocephalus,  8,  10  (fig.)* 
-^—  modiolaris,  1 1  (tig.). 

—  mutabtlis,  152. 

—  oifuUus,  8,  9. 

-"^  perarmaius^   71,    73,    74,    75,  '78 

(fig.). 
plicatilis,  9,  71,  73,  78  (fig.). 

—  serratus,  157. 


Ammonites  'Iransitoritis,  236. 

vertebral  is  f  9. 

Ampthill,  46,  185,  169,  286,  328. 

Clay,  134-139,  147,  323. 

Analyses  of  Building  Stones,  313. 

of  Coprolites,  822. 

of  Iron-ores,  324-326. 

—  of  Kellaways  Dogger,  34. 

of  Kimeridge  Clay,  323,  329,  330. 

of  Oxford  Cky,  322. 

of  Septaria,  320. 

of  Soils,  305,  306. 

of  Springs,  340,  341. 

Aticeps-bett,  9. 

Ancholme  Valley,  66. 

A^DREW8,  Rev.  W.  R.,  203,  208,  230> 

264,  267-273,  275. 
Anger's  Farm,  162. 
Annelida,  List  of,  395. 
Ansty,  335. 
Anticlines,  296. 
Anvil  Point,  188. 
Anwick,  341. 
Applecross,  72. 
Aptychus  latus,  156  (fig.). 
Arborescent  Markings,  230,   231,  233, 

284. 
Archaoniscus   Brodiei,  240  (fig.),  24U 

272. 
Archer  Wood,  281,  282,  321. 
Arish  Rock,  255. 
Amgrove,  134. 

Artesian  Wells,  333.     See  also  Borings. 
Ascott,  337. 
Asgarby,  289. 
Afihbumham  Beds,  281. 
Ashby,  174. 
Ashby,  West,  175,  323. 
Ashby  Puerorum,  317. 
Ashdown  Forest,  280. 

Sand,  280. 

Ashendon,  222. 
Ashton,  58. 
Ashton,  East,  1 12. 
,  West,  113,340. 

—  Keynes,  36. 
Aspley  Guise,  50. 

Astarte  hartwellensis,  156  (fig.). 
rugosa,  181. 

—  ^fnnanni,  182. 

supracorallina,  74,  152. 
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Aitartitn,  152. 

Aston  Sheep  Common,  40. 

ABwarby  Hall,  65. 

— —  Spa,  340,  841. 

Aswardbj,  289. 

Atchison,  A.  T.,  125. 

Atford,  27. 

Athleta-bett,  9. 

Audleby,  291. 

Austen,  Be  v.  J.  H.,  317. 

AvELiNB,  W.  T.,  106,  115. 

^t;{CM/a-Shales,  65. 

Avon,  Wanvicksbire,  297 ;     Wiltsbire, 

304. 
Aylesbury,  304  ;   Boring  near,  337. 

Limestone,  224. 

,  Kimeridge  Clay  of,  169  ;  Portland 

Beds  of,  181,  216,  217,  223-227  ; 

Purbeck  Beds  of,  279. 
Vale  of,  303,  304,  306. 


B. 


Bacon  Hole,  243,  248,  249,  255,  256. 

Tier,  200,  266. 

Bagber,  21. 
Bagley  Wood,  328. 
Baily,  W.  A.,  114. 
Balliol  College,  312. 
Balsar's  HiU,  147. 
Bampton,  40. 
Banbury  Common,  102. 
Banner's  A^sh,  117. 
Bardney,  66,  148,  U9. 
Barford,  Little,  53. 
Bargate  Stone-beds,  69,  286. 
Barley  HiU,  220. 
Bam  Door,  258. 
Bametby-le-Wold,  148. 

Gorse  Hills,  291. 

Barnwell  Wold,  56. 
Barraway,  169. 
Barrett,  C,  20. 

,  L.,  139. 

Barrois,  Dr.  C,  178. 

Base  Bed.     See  Best  Bed. 

Bath,  297,  301. 

Battle,  67,  231,  234,  280,  281,  296,  298, 

317,  321. 
Baumber,  175. 
Bauerman,  H.,  345. 
Beaminster,  296. 
Beaumont,  C,  329. 
Beckles,  S.  H.,  251. 
Beckles'  Quarry,  246,  251. 
Beckley.  132. 
Bedford  Level,  300. 
Bedfordshire,  Corallian  of,  135;    Kime- 

ridgian  of,  169 ;    Oxfordian  of,  49,  51, 

52,  322. 
"  Beef,"  230. 
Beef  Beds,  243. 
Belemnites,  Uses  of,  318. 
Belemnites  abbreviattis,  78  (figO* 
~  boloniensiSf  288.  • 


BeUmniies  hastahu^  IS  C^gO- 

lateralis,  236,  887,  288  (fig.)- 

OweiUy  7,  18  (fig.),  59. 

—  puzosiauus,  7. 
BelenmoietithiSf  23,  82. 
Bell  Pits,  821. 
Bendiff,  88,  89-93. 

Grits,  78,  82,  85,  &c.  ;    Fossils  of, 

95. 
Benefield,  57. 

Bknbtt,  Mi88  £.,  203,  204,  206,  206. 
Benniwortb,  291,  294. 
Bbrobk,  Dr.  J.  F.,  380. 
Berksbire,  Corallian  of,  119,   121,299; 

Kimeridgian  of,  165 ;    Oxfbrdian   of, 

40;    Portlandian  of,  216. 
Bemwode,  803. 
Best  (Base)  Bed,  Portland,  198, 199, 200, 

810. 
Bibliograpby,  403. 
Bicester,  48,  45,  46,  304. 

,  Vale  of,  808. 

I^erton,  223,  225. 

Biggleswade,  49,  138. 

Bilhnghay,  148. 

Bincleave,  83.    See  also  Beneliff. 

Bincombe  Down,  259. 

"  Bird's  Nests,"  264,  266. 

Birdsall,  \?.Z. 

Bishop's  Bridge,  66. 

— t-  Norton,  66. 

Bishopstone,  226,  279. 

Blss,  River,  2.5. 

Bituminous  Shales,  159,  160,  175,  327., 

Black  Dyke,  67. 

Head,  15,  85-87,  162. 

Nore,  263,  264. 

Stone,  160,  329. 

Blackmore,  Vale  of,  21,  100,  30t,  303, 
332. 

Blackthorn  Hill,  45. 

Blake,  Rev.  Prof.  J.  F.,  16,67,  71,  72, 
75,  82,  84,  88,  90,  91,  94,  100-105, 
108-114,  116,  117,  119,  120-125,  128, 
130-133,  137,  139,  140,  142-144,  149, 
152,  158-162,  164,  165.  171,  174,  175, 
176, 178,  180-182,  194,  199,  201,  203, 
204,208,  209-211,  213-215,  218,  219, 
221-224,  226,  228,  263,264,  267,  277, 
287,  323,  324,  346. 

Blake,  J.  H.,  41,  121. 

Blandford,  267. 

Blasbenwell,  340. 

Blatchbridge,  23. 

Bletchley,  48,  320,  328,  333,  341. 

Blick's  Hill,  30. 

Blunsdon,  118. 

Blunsdon,  Little,  36. 

Bluntisbam,  56, 138,  147. 

Clay,  135, 147. 

Boarstall,  134. 

Booo,  E.,  175. 

Bolingbroke,  173,  174,  328. 

Bolonian,  180,  181,  221. 

Bonnet,  Prof.  T.  G^,  55,  140,  144. 

Bononia,  180. 

Borings,  Well-siDkings,  &c. : — 

Boring  at  Abbots  Bipton,  56,  828. 
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Borings,  &c.— con<. 
— -  at  Abingdon,  125. 

at  Acre  House,  328. 

— ^  at  Akeley,  47,  48. 

at  Amptiiill,  328. 

at  Anaty,  335. 

—  at  Asco'tt,  Wing,  837. 
at  Bagley  Wood,  328. 

—  near  Battle.     See  Sub'  Wealden. 

at  Bletchley,  48,  328,  333,  848. 

at  Bolingbroke,  328. 

—  at  Boston,  173,  333. 

—  at  Bourn,  333,  334. 

at  Brewham,  327. 

at  Biigg,  66. 

at  Brill,  328. 

at  Burford,  41,  44. 

at  Burgh,  174. 

at  Calne,  114. 

at  Cambridge,  146. 

— —  at  Chatham,  68,  848. 

—  at  Chettering  Farm,  144. 

near  Claxby,  177,  328. 

at  Cricklade,  333. 

at  Culford,  146. 

near  Devizes,  338. 

—  at  Dimmock's  Cote,  146. 
at  Dinton,  275. 

— -  at  Donnington-upon-Bain,  175,328. 

at  Dover,  67,150, 178,229,342,348. 

at  Downham  Market,  173,  836. 

at  Driby,  174,  328. 

at  East  Compton,  20. 

at  East  Keal,  328. 

at  East  Stower,  103. 

at  Elsworth,  334. 

■         at  Even-Swindon,  119. 

—  at  Eynsham  Heath,  327. 

at  Faringdon,  122,  837. 

— ^  at  Foxham,  28. 

at  Gillingham,  335. 

— ^  at  Haddon,  58. 
'—  at  Holkham,  173. 

—  at  Holwell,  332. 

— — —  at  Kingstag,  Lidlinch,  332. 

—  at  Langworth,  335. 

—  at  Littleworth,  334. 
at  Lolworth,  334. 

—  at  Malraesbury,  327. 

—  at  Mappowder)  335. 
at  March,  334. 

— —  near  Melbury  Abbas,  828. 

—  at  Melksham,  27,  827. 
— ^  at  Mickleton,  348. 

■— ^  at  Meux's  Brewery,  London,  348. 

at  Mildenhall,  146. 

at  Netherfield.    See  Sub-Wealden. 

— —  at  North  Cottesloe,  228. 
— —  at  Northill,  50. 
— —  at  Over,  384. 

—  at  Peterborough,  59. 

— —  at  Portisham,  162,  196,  262. 

^—  at  Portland,  202. 

•^— >  at  Pulham,  382. 

— —  at  Puttenham,  337. 

— ^  at  Rampton,  334. 

>»«—  at  Ramsey,  60,  884. 

—  at  Reyesby,  178. 


Borings,  &c. — cont, 

—  at  Richmond,  348. 

at  Rodburn  Cheney,  119. 

at  Rodwell,  88. 

at  Saffron  Wald^n,  146. 

at  St.  Clement's,  Oxford,  43, 44, 848. 

near  Shaftesbury,  828. 

at  Shillingford,  127. 

near  Shouldham,  173. 

—  at  Sbrivenham,  120,  121. 

at  Skegness,  174,  291,  839. 

at  Soham,  146. 

at  Somerford,  383. 

—  at  South  Cemey,  35,  338. 

—  near  Spalding,  834. 

atSpilsby,  174. 

at  Stock  Gaylard,  832. 

at  Stone,  225,  337,  846. 

at  Stony  Stratford,  49. 

at  Stratton  St.  Margaret's,  837. 

at  Streatham,  848. 

at  Stretham,  Cambs.,  144, 146,334. 

—  Sub- Wealden,  67,    160,  177,   229, 

281-283,  298,  831,  345,  848. 
at  Swindon,  86-39,  119,  165,  210, 

328,  836. 

at  Templecombe,  332. 

at  Tisbury,  208. 

at  Upper  Whitborne,  168. 

at  Wantage,  126. 

at  Westburv,  108,  HI. 

at  Wicken,'l46. 

at  Willoughby,  389. 

at  Winslow,  48,  335. 

at  Witham  Friar}-,  22. 

at  Witney,  41,  44,  348. 

at  Woodhall  Spa,  174,  828. 

— -^  at  Wootton,  Abingdon,  125. 

at  Wootton  Bassett,  116,  164,  836. 

at  Wytham,  42,  44,  848. 

Boston,  173, 333. 

Botryoidal  Limestone,  191, 285, 245, 263, 

264,  279. 
Boulder  Clay,    See  Drift, 
Boulders,  Large,  801 . 
Boulder  of  Kimeridgc  Clay,  178. 
Boulogne,  233,  23.%  288. 
Boulognian,  180. 
Boulonnais,  178,  180. 
Bourguetia  striata,  78  (fig). 
Bourn,  Caxton,  188. 

,  Linooln8hire,68,  64,  65,  808,  820, 

840 ;  Water  supply  of,  338. 
Bourton,  216. 

Bow  and  Arrow  Castle,  811. 
Boxworth,  188,  328. 

Rock,  140,  141. 

Boywood  Farm,  335. 
Bozeat,  52. 

Brachiopoda,  List  of,  884. 
Brackish-water  Mollosca,  286. 
Bradley  Farm,  128. 
Bradon.    See  Braydon. 
Bradt,  F.,  842. 
Brandy  Bay,  161,192. 
Bkamnon,  P.,  311. 
Braydon,  Forest  of,  6,  28,  803. 
—  Manor  Farm,  841. 


Bbatlbt,  E.  W.,  !7. 

Bredon  Hill,  800. 

Bredv  Valtev,  SO,  94. 

Brnubill,29,  lit. 

Btcnt  Knoll,  301. 

ilreotiTM>d,Ju», 

Brenham,  South,  sa,  26,  327. 

firii;kcBirtli.  S3S. 

Srick-Dulting.  45. 

Brickt,  Sun-dried,  9^3. 

BnckhilI,GrealsudLittle,50,13S,18l,seG. 

Briok-kiln  Farm,  4). 

Bride  Vttllej .     See  Bredy. 

Bridle- wav  8,  306. 

BriJpon,  301, 

Brigg,  66,  149,332. 

Brintock,  S-.!,  57. 

Brill,  Kimeridge  Clar  of,  168,  303,  S23, 

32H  ;  BortltQd  BedH  of,  ISC.  321,  S22, 

SS9  ;  Purbeck  Beds  of,  S7S. 


Brlngiou  U'i>ld,5r. 
BrlDtn^orth  CuiiimoQ 


BbisTow,  H.W.,  20,22,28,30, 103,  104, 
189,  193,201,  330,  835,  248,  245,  347, 
349,  251-354,  259,  261,  364,  269,  3U. 

Briliiili  Museum,  311. 

BamoN,  J.,  27 

Brotd  B«nc)i,  1S8,  160,  330. 

BroadwBv,  19,  »a. 

Bbouie.'Bev.  r.  B.,  161,  210,  231,  288, 
S67  373,  »5,ST7,  379. 

Brodik,  W.  R.,  159,  236. 

Brokeu  Bands,  244,  247-249,  25S,  S57. 

Bniabam,  37,  113. 

Broni,  70. 

Brown  H.T„26S. 

BuckhoruWe9t«ii,2I. 

BuakiDgham.  3'N. 

Backicgliaiiisliiri-,  Corsllian  of,  135; 
Kimcrid{!inii  of  168i  Oifordian  uf, 
45,  46;  I'orttaudian  of,  230)  Pur- 
beckisQ  of.  279. 

BucKtASD,  Kev.  Db.  W.,  5,  17,  70,  83, 
94,  130,  151,  1G8, 196,  230,  241,  363- 
265,  304.  131,341. 

Biickiand  Newtoii,  162. 

Biicickak,Pilof.  J.,  28, 89,110,310,837. 

BuckouU,    It. 

BufoDilc«,  318. 

Ba^W  Pit,  2S3,  379. 

Building  Sillies,  309 1  Densiiy  and 
AlHOTbeiit  Powun  of,  313. 

BuildbgB,  I«aloD,  3  I,&o. 

Buller  of  Buchaa,  302. 

BuUingdon,  120,  131,  133. 

BuSBL-Br,  Sm  I!.,  146. 

Bacdrop,  210. 

Buribrd,  41,  44,349. 

Burgh,  1T4. 

Burr,  300,  341,  357,  265,  316, 

StoDO,  243,  252. 

BUBBOWKH,  Dk.  E.  D.,  330. 

Burton  Bradsiock,  302. 
FcdKardiiiP,  fiS-. 

Bnn™ililVh.'el,2B6, 

Burr.  60. 

Buttennitk  Fnnn,  50. 

BtTT,  W.,  32. 


Ckdbury,  South,  301. 

CaiMor.  176,  177,  388,  291,  294. 

Cnlamarv,  Fossil,  33. 

Calcareous  Grit,  70,  71  ;  Lower,  70,  71  j 

Upper,  70,  71,  1  IS,  1 19,  120.  133. 
Caldecol,  56. 

Mill.  49. 

CalloviBD,  a. 

CalDc,  Corallian  Bedn  of,  107,  114-116, 

303,  319 ;  l^oncr  Calcueoiu    Grit  of, 

73;     Freestone  of,   309;     Kimeridm 

CUvoE,  IG). 
Cam,  River,  3^3. 
Cnnibrids!?,  146. 
Caiiibrid^hire,     ConUiau      o^      1 19 ; 

Kimeridgian  of,  169 ;    Oxfordifta  <ttt 

56. 
CaMSBO:(,  A.  C.  G.,  49,  51-S4,    S6,    60, 

137-139,  141,  318,  893,  818,  883. 

Clips  of'  Purbeck  Bed*.  198,  200,  244, 

2fi3-2G5,  316, 

.<fCFa/.l'(-rll,  1.16  (fig). 

Carfai,  Oxford,  340. 
Carltoa  Hill,  49. 
Ci&rTHEU,  if  .,238,  364. 
CiBTEK,  Janes,  7,  55. 
Cttscwick,  62,319. 
CfuileCary,  301. 

Rising,  173. 

Castor.    -See  Caialor. 
Casts  of  Fosaili,  185,  198. 
Culcotube,  116. 
Callej  Alibe)-,  341. 


.uhr 


r.  ISJ 


CavOT 

Cawiliorpf,  341. 
Cazlon,  138,  139. 
Cement,  ll}-draulic,  330. 
Cemcnt-Slonca,  1S8.  319,  330, 
Cei-ilhiuai  porttandiciim,  188  (Bg.),  198. 
Cerne  Abba9.2l,94,  ]>X1,  163. 
Cemey,  South,  39,33-35,833,841. 

Whjirf,  33,  36. 

Cctaconn,  154. 

Cbnff-hole?,  a  64. 

Chalky  Portland  BeiLs.  1 S6, 194, 19S,  SOS. 

Chalj-beale  SIlril!p^,  3  10. 

Ch!i[nnaiL'-  LVioI,  15S,  159,  19S. 

riinra.  231,  341,  liOl,  284. 

Cburms,  318. 

Chnlham,  68,  296,  39S,  299.  348. 

Chatteris,  CO,  147,  109,  171,  841. 

Cbanlcv,  166. 

Cheese,' 304. 

CAmwi/iin-bcd,  87. 

Cheamiliia   hedJiagtoKemii,   7S    (flg.), 

Chene,  202. 

Chert,  Portland,  179,  196,  199 ;  ObUqa« 
veins  of,  186,  193,  199,201. 

,  Oolitic,  186,  1S7,  169, 

,  Purbeck,  230,  284,  244,  SSJ,  254, 


485 


Cherwell,  297. 
Chesil  Beach,  93,  162,  302. 
Chetnole,  21. 
ChetteriDg  Farm,  144. 
Cheverell,  Great,  210. 
Chichester  Cathedral,  312. 
Chickerel,  West,  19. 
Chicksgrove,  268,  272,  312,  317. 

Quarry,  204,  206. 

Chilcomhe,  20. 
Child  Okeford,  162. 

Chilmark,  204,  207,  208,  267,  268,  270, 
296,  312,  320. 

Stone,  186,  187,  313. 

Chiltern  Hills,  216,  339. 

Chippenham,  28,  30-32,  303,  304,  322.     . 

Chisledon,  210. 

Christchurch  Priory,  312. 

Christian  Malford,  28,  30-32,  304,  341. 

Churches,  Stone  used  in,  309,  &c. 

Cidarisflorigemma,  73,  74,  80  (fig.). 

Smithi,  80  (fig.). 

Cinder  Bed,  285,  244,  251,  271,  272. 

Clack,  115,  116. 

Clapham,  Bedford,  51,  340. 

Clabke,  Rev.  W.  B.,  249. 

Claviniunif  16. 

Claxby,  176,  289,  291,  302,  819,  328. 

Ironstone,  287,  288,  294,  323-326. 

—  Moor,  176. 
Clay  Hop-e,  202. 
Clay-lumps,  323. 
Clays,  Colour  of,  151. 
Cleeve  Hill,  75. 
Cliff,  The,  801. 
Cliff  Beds,  190. 

Field  Quarry,  189. 

Stone,  312. 

Clod,  5. 

Closeworth,  21. 

Clutterbuck,  Rev.  J.   C,  125,  301, 

341. 
Clunch,  141. 
-^—  Clay  and  Shale,  5. 
Coal,  Fruitless  trials  for,  327. 

,  Kimcridge,  159,  329. 

■         Measures,  299. 

Monev,  330. 

Coast  Erosion,  245. 

—  Scenery,  302. 
Coate,  215,  216^ 
COBBOLD,  E.  S.,  130,  132,  167. 
Cockle  Beds,  244. 
Cocklebury  Farm,  30. 
Colour  of  RockB,  151,  253,  326. 
Colour-markings  on  Mollusc,  215. 
Combe,  Woodstock,  40. 

Wood,  219,  278. 

CJombes,  800,  307. 

Combustion,  Spontaneous,  162,  331. 

Comoseris  irradianSf  81  (fig.). 

Compton,  East,  20. 

Cone-in-cone,  52,  230. 

Coney  Hill,  222,  225. 

«  Conger  Eels,"  199. 

Conglomerate,  179,  222,  223,  225,  255. 

Comngflby,  173. 

Conington,  57,  58, 138. 


Contejean,  C,  235. 

CoNTBEARE,  Rbv.  W.  D.,  22,  70,  180, 

175,  281,  283,  302,  318,  327. 
Conygre  Farm,  114. 

Stone,  319. 

Coprolites,  84,  160,  168,  248,  287,  322. 

See  also  Phosphatic  Nodules. 

Copyhold  Bridge,  282. 
Coral-banks,  72. 

beds,  117,  119,  120,  128,  129,  181. 

reefs,  72. 

Coral  Rag,  70,  71,  72  j  Upper,  71,74, 

82,  85,  95. 
Corals,  List  of,  398  ;  Portlandian,  208  ; 

Corallian,  75,  81,  112. 
Corallian  Beds,  General  account  of,  70 ; 

Organic   Remains  of,  75 ;  2^ne8  in, 

73  ;  Relations  of  Oxford  Clay  and,  6. 
of  North  and  SouUi  Dorset, 

106 ;  of  North  Dorset  and  Wiltshire, 

116  ;  of  Wiltshire  and  Berkshire,  128. 

Brickearth  of,  323 ;  Building- 
stones  of,  309 ;  Soils  of,  305  ;  Thick- 
ness of,  7 1  ;  Water  supply  of,  835. 

Coralline  Oolite,  70,  71. 
Corbula  Beds,  243. 
Corhula  (data,  239  (fig.). 
Cordatus-heds,  87. 
Corfe  Castle,  238,  812,  816. 
Combrash,  Relations  of    Oxford   Clay 
and,  6. 

Clay,  10,  65. 

Corscomb,  21. 
Corsley,  163. 
Corston,  33. 
Corjales,  196. 
Cotham  Stone,  231,  288. 
Cottenham  Cheese,  304. 
Cottesloe,  North,  228. 
Cotteswold  Hills,  800. 
Coulston,  163,  209. 
Cowley  Common,  217. 

—  Marsh,  43. 
Crane,  E.,  1 50. 
Crawley,  49,  50. 

Creamy  Limestones,  222,  228. 

Credner,  Dr.  H.,  178. 

Creslow,  228. 

Cretaceous      and      Jurassic,      Division 

between,      3,      286-295.     See     also 

Wealden. 

Strata,  Overlap  of,  1, 181,258,296. 

Crewkerne,  297. 

Cricklade,  36,  40,  303,  804,  833,  841. 

Crocodile,  Swanage,  238. 

Bed,  243,  253. 

"  Crow's  Nests,"  264. 
Crustacea,  List  of,  386. 
Crutwell,  a.  C,  324. 
Cublington,  228. 
Cucklington,  105. 
Chiddesden,  217,  278. 
Cuddington,  279. 
Cuddle  Head,  330. 
Culford,  146. 
Culham,  167,  169,  217. 
Cumner,  128, 166, 841. 
CummrGTON,  W.,  82,  163,  810,  318. 
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Curbridge  Common,  40. 
Corf,  198,  199,  200. 
Curl  Stone,  219,  S20,  318. 
Custom  House,  811. 
Cutlet,  281,  232,  285. 
Cuttle-bone,  238. 
Cyccideoidea,    See  Maniellia. 
Cycads,  Fossil,  241,  264,  2ft6. 
Cypridea  granulosa,  240  (fig.),  241. 
. punctaiay  240  (fig.),  241. 

—  spinigerttf  26  (fig.). 
Cvpridei,  227,  241,  269,  280. 
Cyprina  Brongniartif  182. 
^^  elotigata,  184  (fig.). 
Cvpris  Beds,  243,  258. 

-1—  Freestone,  244,  259,  261,  316. 
Cypris  purbeckensis,  240  (fig.),  241. 
CyY'e»a-bedB,  181,  206. 
media,  289  (fig.). 

—  rugota.    See  Cytherea, 

Cy therm  rugosa,   181,   182,  184   (fig.), 
206,214. 


D. 


DacasauntSf  153. 

Dairy  Lands,  304,  306. 

Dallard*s  Farm,  272. 

Dalton,  W.  H.,  48,  65,  66,  385,  337. 

Damon,  Robert,  16,  17,  74,  82,  84,  89, 

154,  161,  181,  238,  248,  266,  828,  331, 

335. 
Dancing  Ledge,  186,  189,  241. 
Daniell,  Prof.  J.  F.,  313. 
Darvel  Beach  Farm,  283,  285,  286. 

Wood,  281. 

Dashlet,  272. 

Dauntsej,  80,  32,  304. 

Daventry,  297. 

Dawkins,  Phof.  W.  B.,  68,  150,  229, 

802,  342,  346. 
Dean,  Capt.  W.,  86. 
De  la  Beche,  Sill  H.  T.,  17,  82,  94, 

130,  196,  230,  241,  268,  264,  304,  331, 

841. 
Denchworth,  166. 

Denudation,  297.    See  also  Erosion. 
Denver  Sluice,  148. 
De  Range,  C.  E.,  125,  885,  387,  846. 
Derived  Fossils,  286,  287,  298. 
Derry  Hill,  114,319. 
Devil's  Dairy,  112. 
Devizes,  164,  181,  209,  303,  828. 
"Dice,"  328  ;  Dicey  clay,  62. 
Dicer  as  arieiina,  74. 
Dick,  A.  B.,  322,  3Z4. 
Digby,  65. 

Dikes,  W.  H.,  176,  287. 
Dimmock's  Cote,  146. 
Dinton,  Aylesbury,  279. 

,  Salisbury,  272-275,  297. 

Dirt  Bed,  Great,  195,  200,  241,  250, 251, 

257,263,264,266,279. 

— ,  Mammaliferous,  286. 

Discina  latistima,  152. 


Dissolution  of  Shells,  185. 

of  Strata,  248,  S49,  275,  301. 

Disturbed  Strata,  257,   S58.      See  abo 

Broken  Beds. 
Dixon,  F.,  68,  150,  177,  229,  284,  846. 
Dodsthorpe.    See  Dogsthorpe. 
Doggers,  6,  38,  34,  51,  52,  85,  87-89, 92, 

105,  125,  129,  179,  192,  202,  211,215, 

218. 
Dogsthorpe,  57,  62,  322. 
Donnington-upon-Bain,    175,    291,   292, 

294,  828. 
D'Orbignt,  a.    See  Orbignj. 
Dorchester,  20,  267,  296,  316. 
Dorsetshire,  Corallian  of,  82  ;  Kimerid- 

gian    of,    158;    Oxfordian     of,    15; 

Portlandian  of,  188;  Parbeckian  of, 

243. 

Downs,  94,  100,  162,  181. 

Dorton,  134. 

Spa,  340. 

Dover  Boring,  67,  150,  178,  229,  296^ 

299,  342,  348. 
— ,  Iron-ore  at,  150,  178,  323. 
Downbam  Market,  148,  172,  173,  323, 

335. 
Drayton,  166. 
Driby,  174,  828. 
Driffield,  86. 
Drift,  45,  47,  49,  52-54,  56-58,  60,  68, 

67,   185,  148,  173,  229,  279,  300,  804, 

305. 
Drmnmy  Land,  305. 
Dry  Valleys,  300. 
Dudwell  Stream,  285. 
Dues  Water,  164,  209. 
Dunge,  118. 

Dungeon  or  Dungy  Crags,  193. 
Dunstable  Downs,  229. 
Dunton,  228,  229. 
Durdle  Door,  248,  258. 
Durlston  Bay,  238,  243-245,  314,  821. 
Head,  188,  231,  282,  245,  246,  247, 

248,  249,  250,  808. 


E. 

Easton,  E.,  334.  • 

—  and  Anderson,  Messrs,  47. 

,  Portland,  197. 

,  Swanage,  258,  254,  317. 

Eastrea,  61. 
Eaton  Socon,  341. 
Echinobrissus  scutatus,  80  (fig.). 
Echinoderms,  List  of,  896. 
Economic  Products,  309. 
Edboro  Quarry,  189. 
Elbro  Bridge,  36,  118. 
Elderwood  Farm,  64,  65. 
Elliott,  A.  R.,  87. 
Blsfield,  182. 
Elsham,  177,  291. 
Elworth  Farm,  West,  94. 
Els  worth,  188,  139,  384. 
Rock,  139,  140,  147. 
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Ely,  152,  169-171,823, 

,  Isle  of,  170. 

Einmit  Hill,  158,  192. 

Eucombe,  159,  192,  303,  306,  319. 

Enolefield,  Sir  H.,  151,  179,  248, 8H, 

317,321. 
Eresby  Hall,  290. 
Erosion  of  Coast,  245. 

■,  Contemporaneous,  208. 

,  Local,  213,  263,  264. 

,  Sabterranean,  273,  275,  301. 

Escarpments,  297,  303. 

Essendine,  63. 

Estuarine  B«d8,  181,  206,  270. 

Etiieridge,  H.,  45,  67,   150,  169,  177, 

216. 
Evans,  Sir  J.,  831. 
Even-Swindon,  119,  336. 
Evertou,  138. 
Exogyra-hed,  213,  215. 

bnmtrutana,  182,  184  (fig.),  213. 

nana,  79  (fig.). 

virgula,  152,  156  (fig.)- 

Eye,  61. 

Green,  56. 

Kyebury,  57,  61. 
Eynesbnry,  53. 
Eynsham  Heath,  328. 


F. 


Fairlight  Clays,  281. 

Falconer,  Dr.  H.,  236. 

False-bedding,  252,  253. 

Farcett,  !f%. 

Fa  RET,  J.,  2-24. 

Faults,  267,  258,  296;  Ridgeway,  260, 
261,  267,  296. 

luringdon,  67,  216,  296,  299,  837; 
Corallian  Beds  of,  107,  121,  122, 128  ; 
Kimeridgian  of,  166. 

Feltham  Fann,  23. 

yen  Clay,  5,  135,  138. 

Fen  Side,  142. 

Fenny  Stratford,  50,  322,  332. 

Fenland,  286,  300,  337  ;  Corallian  of, 
147,  148;  Kimeridgian  of,  169,  171, 
1 73  ;  Oxf ordian  of,  52,  56,  59. 

Fenton,  56. 

Ferriby,  South,  176. 

FfOLKES,  M.  W.  B.,  334. 

Fifehead  Magdalen,  21. 

Kinstock  Heath,  40. 

Fisher,  M.,  171. 

Fisher,  Kev.  O.,  19,243,  248,  258,  259, 
261,267,272,275,302. 

Fishes,  List  of.  856. 

Fishes'  teeth,  Uses  of,  318. 

Fissures,  198,  207,  248,  302. 

FiTTON,  Dr.  W.  H.,  61,  82,  133,  142, 
147,  148,  159,  162,  163,  168,  172,  179, 
192,  194,  203,  207,  210,  213,  215,  217 
-222,  227,  228,  234,  235,  238,  241, 
251,  264,  266,  267,  268,  269,  272,  277, 
-281,  302,  317,  318,  320,  328. 

B     82428. 


Fleet,  91,  9:1. 

,  East,  15,  18,  19,  82. 

Fletton,  57,  58,  318. 
Flints,  179.    See  also  Chert. 
Fluvio-marine  Beds.     See  Estuarine. 
Fodderstone  Gap,  178. 
Folding  of  Strata,  296. 
Folkingham,  65. 
Fonthill  Abbey,  205,  312. 

Giffard,  208,  233. 

Fontmell  Magna,  108. 

Foraminifera,  List  of,  399. 

FORBBB,  Prof.  E.,  284-286,  238,  241, 

243,  247,  258,  259,  264,  265. 
Fordham,  172. 
Foreign  Office,  311. 
Forests,  303. 
Forest,  Ashdown,  280. 

—  of  Braydon,  5,  28. 

of  Whittlewood,  47. 

Forest  Clay,  5,  135. 
Formations,  Sequence  of,  3. 
Fortune's  Well,  197,  266,  307,810,  838. 
Forty-foot  Bridge,  56,  60. 

Foss  Farm,  36. 

Fossil-beds,  35,  86,  90,  124,  &c. 
Fossils,  Catalogue  of,  349. 
— ,  Derived,  161. 

in  Iron  ores,  326,  327. 

,  Miscellaneous  uses  of,  318. 

Foster,  Dr.  C.  Le  N.,  814. 

Foandry  Loam,  319. 

Fovaut,'  272. 

Fox-Strangways,  C.   See  Stranowats. 

Fox-hunting  Districts,  303. 

Foxham,  28. 

Frechevillk,  11.  J.,  814. 

Freestones,  :109. 

Freshwater  Beds,  214,  285,  278. 

Fringford,  45. 

Frogs,  Remains  of,  238. 

Frome,  23,  303. 

Frome  Waterworks,  163. 

Fucoidal  Markings,  51,  85,  90,  233. 

Folbrook  Farm,  23. 

FlTLLER,  H.  W.  154. 

Fulletbv,  174. 

Furzcdown,  19. 

Furzv  Cliff,  16. 

F\-field,  122,  123,  129. 

Fyfield  Marsh,  40. 


G. 


Gad  Cliff,  151,  158,  159,  161,  186,192, 

241,  302. 
Gallow  Hill,  53. 
Gait,  60. 
Gamlingav,  137,  13S,  320,  323. 

Clav,  138. 

Gander  Hill,  67. 

Garsington,  217,  278. 

Gas,  328. 

Gasteropods,  Minute,  198,  200. 

Gawcott,  46. 

I   I 
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GnxiB,  Sib  A.,  236,  247,  258,  259,  265, 

302. 
Gboroe,  T.,  55. 
Geosaurus  maximus,  153  (fig.)* 
Gervillia  aviculoides,  79  (fig.). 
"  Giant*8  Marbles,"  218. 
Qidding,  Great,  57. 
GilUngham,    104,    103,    162,    163,    309, 

323,  332,  335. 

Forest,  303. 

Giruanella  72,  73,  233. 

Glacial  Drift.    See  Drift. 

Glamorganshire,  302. 

Glainvilles  Wooton,  lOO. 

Glastonburj-  Tor,  SOI. 

Glauconite*221,  253. 

Glaaconitic  Beds,  203,  210,  220-222. 

Glentham,  66. 

Gloucestershire,  Oxfordian  of,  33. 

Goatacre  Freestone,  309. 

Godalming,  69. 

Goddington,  45,  46. 

Godmanchcster,  54. 

Godwin- ArsTEN,   R.A.C.,  2,  69,  210, 

216,  234,  236,  277. 
Gold  Hill,  162. 
Golden  Bowl,  304,  306. 
Gould,  C,  281-283,  285,  320. 
Goulsbv,  175. 
(irandborough,  135. 
Grange  Farm,  332. 
Granitic  Rock,  49. 
Gransden,  Great,  169. 
Gkant-Wilson,  J.S.,  322,  325. 
Granular  Purbeck  Beds,  233,  259,  261, 

268. 
Gravel,  40,  304,  319. 

Pit  Farm,  134. 

Gray,  W.,  198, 199,  262,  266,  310. 

Great  Barn,  33. 

Gbeex,  Pbof.  a.  H.,  45-47,  49,  50, 132, 

134,  135,  169,  179,  217,  227-229,  287. 
Gbben,  B.,  320,  329,  330. 
Green  Hill,  16. 

Green  Colour  of  Kocks,  258,  317,  325. 
Green's  Cleeve,  116. 
Grceulauds  Farm,  210. 
Greeusand,  Lower,   Portlandian  fossils 

from,  286. 
Greenwell,   G.C,  106,108,110,   112, 

320,  325. 
Griztle,  317. 
Grittenham  HiU,  116. 
Grove  Quarries,  310. 
Gryphaa  biiobata,  7,  11,  (fig.). 

dilatata,  7,  13,  (fig.). 

Gullies,  248. 

Gvpsum,  230,  235,  284,  321 . 


H. 

Haddenham,  170. 
Haddon,  57,  58. 
Haraatite,  323. 
Haguahv  Corner,  174. 
Hull  Wi>itonSpa,  341. 


Hailstone,  Rev.  J.,  171. 
Hallktt,  R.,  331. 
Halsewell  Quarry  189. 
Halter-paths,  306. 
Halton  Holegate,  174. 
Hatton,  175. 
Ham  Cliflf,  17. 
Hammerdon  Hill,  20. 
Hampshire,  296. 
Hard  Slatt,  266. 
Hardwick,  228. 

Harker,  Prof.  Allen%  33,  34,  35. 
Harmer,  F.  W.,  341. 
Harrington  Carrs,  317. 
Harris,  G.  F.,  72. 

Hartwell,  Portland  Beds  of,   217,  228- 
228 ;  Purbeck  Beds  of,  279,  817. 

Clay,   General  Account  of,    223  ; 

168,  169,  179,  181,  221,  323. 

Haselbury  Brjaiit,  100,  103. 

Common,  21. 

Hatherly,  Higher,  105. 
Haverholme,  341. 
Hawkesley,  T.,  339. 
Hawstead  Hall,  148. 
Haydon,  36. 

Ha'zeley,  Great,  219,  313. 

Hazelton,  208. 

Heacham,  173. 

Head,  198. 

HeadboT}'  Quarry,  189. 

Headington,  Corallian  of,  130-182,  309, 

319 ;  Kimeridge   Clay   of,    151,    168, 

323,  Portland  Beds  of,  218  ;  Purbeck 

Beds  of,  278. 

Quarry,  809. 

,  Spring  at,  340. 

Wick,  840. 

Hearth  Stone,  318. 
Heathfield,  280. 
Heddington,  Calne,  131. 
Helmont,  J.  B.  Van,  319. 
Hemicidaris  intermedia,  80  (fig,)»  114. 

purbeckefisis,  235,  240  (fig.). 

Hen  Cliff,  159,  160,  330. 

Henslow,  Kev.   Prof.  J.  S..  268,  264 

265.  ' 

Hermitage,  302. 
Hcywood,  340. 
Hibaldstow,  67. 
High  Fen  Farm,  142. 

Papworth,  138. 

Highworth,  71,  73,  107,  119,  120,  128, 

310,319,323,341. 
Hilfield,  100. 

Lane,  21. 

Hillock.s  Mill,  115. 
Hillraarton,  75,  114,  809. 
Hilton,  141. 

HiNDE.  Dr.  G.  J.,  75,  187,  234. 
Hinksey,  North,  129. 
Hinnitea  tumidus,  79  (fig.). 
Hinton  St.  Mary,  309. 
HippocephaloideSy  198. 
Hitching  Stones,  117. 
Houston,  229. 
Hoi  beach,  60,  173. 
Holbeck,  317. 


Hole,  toa,  162. 
Holkbam,  173. 
HOLLOWAV  T  30. 
lloixoniV  W  H.,  65. 
Holme,  5      SS. 

fioLus,  T.  v.,  sas. 

Holnnt,  SI. 
Holt,  37,  840. 

.Upper,  23. 

Holton,  138,  134. 

-le-Moor  176. 
Hulvell,  332. 
Holwortb  Cliff,  161.331. 

,  Sontb,  193. 

Holy^tooe,  aie. 
Holj  Wells,  339. 
Holywell.  Oxford,  339, 

,  St.  iTfis,  i;iB,  389. 

Hoin«  Bottom  FaciD,  64,  6d. 
HoHKRSiUM,  C,  in. 
Honeycomb  Coral,  75. 
Hoce.  R.  C,  339. 
Mopx,  308. 

HornoaMle,  175,  303,  aao,  333. 
"  Uone-heada,"  198. 
Horsegunrds,  ^  1, 

HORSKLL,  H..     64. 

Horsepath,  SIT. 

HoR*««rBtl8,  193. 

Hotwood.  Grait.48. 
WtlK  340, 

lioHghlon  Hill,    35, 

Hul>t,MTOK,  W.  H.,  8.  16,  !0,  71,  73, 
83,  *»,  88,  90-93.  94,  100-105,  108- 
114,  lis,  117,  119-183^  IBS,  130-183, 
137,  139.  140,  142-144,  IjO,  \h2,  180. 
181,  187,  191,203,204,206.207-209, 
215,  228-226,  234,  267,  312,  317,  823, 
:t24,  827,  330. 

Hi'OHEH,  I'kof.  T.  McK.,  90,  138.  14T, 
171, 

Hui-KE,  J.  W.,  59,  166. 

Hri-L,  Phof,  E..  27,  3,1.  40,  43,  49, 
116-118,  120,  123, 128,  129, 133,  164, 
166-lflB,  217-219.  2B7. 

Hutnbcr  Shores,  176. 

Hundleby-  290,  294. 


i   IgnitHodoa-heA,  166. 
]    IlminiU-r,  301. 
L    IadIaHoute,311. 
Jok-baff  of  Cephalopod,  32. 
Innecn,  Fossil,  238  ;  Lr»t  of,  38ri. 

Bcde,  ^44,  £61. 
IriikweDt  Fossils,  59,    164,    168,    169, 

175,221. 
Iron    Ores,    General    accoant    of,  823 ; 
Distributiocr   of,    325  j    AiiatyMS   of, 
824-826;  Oolitic,  284. 

— at  AbboMbury,  94  ;  U  Dover. 

150.  178,  323  ;  near  i^tunDinllisr 
KewfoD,  102  i  al  Weslburj,  73,  ■ 
108-110. 

Sunds,  278. 

IroD-tbot  limcalones,  326. 
Itattrtnx  t-iplanaia,  81  (Gg.). 

!    oblonga,l%i  (fig.),  185,   193.   199, 

I         908. 

I   ItucR,  Messrs.,  126,  ISi,  333,  835. 
Islington,  Trovbridge,  28. 

l!Opwl  Limeitone,  372-274. 


JwDls  in  Portland  ])ed^  197,  198. 

JOKK*,  PbDP.  T.  R..  26,  27,  163,  233, 
241,252,  256,  266,  371,  27B,  281',  264. 
SU. 

JordonHill,  16. 

Jl-DD,  I'jiof.  J.  W.,  56-69.  68. 1 75,  235, 
287,  290,  294,  997,  300,  305,  319,  392, 
824,  327,  328. 

Jl;|[KB'llBOW^E.  A.  J.,  49,  S5,  .16.  65, 
66,  103,  106,  127,  13'>,  110,  141,  U6. 
US,  149,  162, 163,  169,  170,  173,  174, 
209,  210,  225,  228,  230,  264,  267-273, 
ST5,  ST9,  280,  287,  288,  290,  293,  300, 
308,  317,  322,  325,  328.  334,  387,  339, 


341. 


,^25. 


I«Tii 


lliiQrini'.lor    y...  141,328,332,341.  , 

lluntJngdoirsiiirf,     Cor»Uian     of,      138;    | 

Kimeridpan,  of  1«9 ;   Oifordian   of, 

52. 
}lurlock,  320. 
Huist  Farm,  210. 

-Mill,  112. 

Huabome  Crawley,  50,  320. 
1U^h:iiiks,Kev.  J.,  314.331. 


InnETSOS,  CArr.  L.  L.  B.,  1",  59,  2j9 

:J60. 

Tchlhyoiauru!  enlhrdodon,  158  (fig.). 
(ri'somw,  153  (8g.)- 


Kale's  Bridge,  57,  62,  332. 
Kesl,  East,  291,  328. 

,  West,  174,  340. 

■Ki:*iiif,  Thof    329. 


294. 
Kellaways  Beds,  6,  8,  10,  37.  322 ;  Soil 

of,    30S  i   Thickness    of,    6  j     Water 

supply  from,  33  3. 

Clay,  8,  9. 

Mill,  29. 

Bock,    S,   e,    319',   of   Kellawaya, 

28-31. 
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Kellaways  Stone,  6. 

Kelloyian,  8. 
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Redcroft,  310. 
Reform  Club,  311. 
Reid,  C,  173,300. 
Remedy,  21. 
Rex1':vier,  K.,  182. 
Renscombe.  158,  191,307. 
Renulina,  75. 
Reptiiia,  List  of,  351. 
Reservoirs,  339. 
Revesby,  173. 
Rev  Bridge,  28. 
RhaxelUi  per/oratay  75. 
Rhodes,  Jou.n,  26,  27,  29,  SO,  38,  35, 
36,  52,  102,  137,  159,  160,  165,  174, 
176,  211,213,  275. 
Rhomboidal  Jointing,  283. 
Rhyiichoitella  inconstans,  152, 155  (fig.)* 
—  varianSf  10  (fiK*)* 
■        variana  var.  ThurmuHni,  100'(fig.). 
RiCHE,  A.,  9. 
Richmond,  67,  299,  348. 


Ridding,  310,  311,  314. 

Ridge,  near  Tisbury,  270. 

Kidgeway  Cutting,  19,  20,  243-245,  249, 

259-261,267,296. 
Ridgmont,  50. 
RiLKY,  E.,  325. 
Ringstead  Bay,  Corallian  Beds  of,  73, 82, 

84;    Kimeridge   Clav  of,    159,    161, 

331;    Portland    Beds    of,     193,    194, 

302  ;  Purbeck  Beds  of,  233,  249,  258. 
Ril)ple-marks,  72,  233,  255. 
Riseley,  52. 
Rivers,  297,  30C. 
Roach,  185,  198,  200,  310. 
Road,  23. 
Road  Metal,  319. 
RoBKRTS,  Thomas,  9,  53-55,   66,    135, 

137-144,  146-149,  152,  168,  170.  171, 

175.  176. 
ROBIKSON,  C.  E.,  189,  314,  316,  330. 
Rochester  Cathedral,  312. 
Rock    Salt,    Pseudomorphous   Crystals 

of,  230,  244,  270. 
Rocks,  Colour  of,  151,  253,  326  ;  Local 

Names  of,  190,208,315. 
Rodbourn  Cheney,  118,  119,  341. 
Rodden,  Frome,  22,  23. 

,  Portisham,  19,  21. 

Rodwell,  88,  91,  92,  340. 
Romano-British  remains,  330. 
Romans,  Iron-ore  worked  by,  294. 
Romsey  Abbey,  312. 
Roofing-tiles,  318. 
Rose,  C.  B.,  147,  148,  172,  173. 
Roslyn  Hole,  170,  823. 
Rounden  Wood,  281,  284. 
Rowde,  113,  164. 

Wick,  1 1 3. 

Rowdeford,  118. 

Rowden  Farm,  80. 

Rubble,  Oolitic,  800. 

Rubbly  (Portland)  Beds,  222,  224,  220. 

Rufus  Castle,  198,  201,  202. 

Runcton,  South,  173. 

Rushmere  Pond,  50,  286. 

Rushmore,  Dorset,  331. 

Russia,  Volfrian  Beds  of,  182,  287. 

RuTLEY,  F.,  276. 

Rymead,  91. 


s. 


S.SMANN,  L.,  218,  223. 

Saffron  Walden,  146. 

St.  Alban's  (St.  Aldhelm's)   Head,   151, 

158,  186,  188,  190,  181,245,  302,  307, 

311,812. 
St.  Bartholomew's,  Oxford,  43. 
St.  Catherine's  Chapel,  94. 
St.  Clement's,  Oxford,  43, 44,  340,  348. 
St.  Ives,  46,  54  56,  135,  188,  882,  341  ; 

Red  Rock  of,  139-141. 

Heath,  303. 

St.  Neot's,  53,  322,  382,  341. 

Rock,  53,  54. 

St.  Pancras,  811. 
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St.  Panrs  Cathedral,  311. 

Saline  Waters,  27,  48,  332,  333,  340; 
Origin  of.  341,342. 

Salisbury  Cathedral,  312,  316. 

Plain,  276. 

Salmonby,  174,  290,  317. 

Sand  Bailers,  218. 

Sands,  Economic  uses  of,  319. 

Sandford-on-Thames,  130,  167. 

Sandridge  Hill,  27,  113. 

Sandsfoot  Castle,  82,  88,  89,  90,  311. 

Clay,  82,  85,  95,  323. 

Grit,  82,  85,  95. 

Sandstone,  Cementation  of,  125  ;  Wea- 
thering of,  291. 

Sandy,  54,  138,  169. 

Saunders,  J.,  137. 

Saxby,  176. 

Scallop  Beds,  244. 

Scamblesby,  291. 

Scener>-,  296,  302. 

Scrabcroft,  67. 

Sea- water.  Influence  of,  252. 

Seacombe,  189,  312,  313,  338. 

Sedgwick,  Rev.  Pkof.  A.,  82,  90,  94, 
112,  130,  133,  139,  142,  144,  170,  234, 
248. 

Seebohm,  F.,  307. 

Seelky,  Prof.  H.  G.,  53,  59,  134-136, 
138-14J,  144,  147,154,334. 

Seend.  27,  7H,  111,  113,  163,  306,  322. 

Seleniie,  49,  151. 

Selwoo<l  Forest,  303. 

Seminfiton,  113. 

Semlev,  162,  163. 

Septafia.  3.  17,  63,  319,320. 

Serpula-bed,  16. 

Serpula  vtrtebvalis,  13  (fig.). 

Serpulite-bed,  196. 

Sevenhampton,  120,  121. 

Shaftesbury.  103,  162.  163,  306,  320,  828. 

,  V^ale  of,  163,303. 

Shales,  Ignition  of,  162,  331. 

Sharman,  G.,  36,  68,  164,  211,226,279, 
293. 

Sharneott,  35. 

Shells,  Dissolution  of,  185. 

Shells  Grove,  35,  36. 

Sherborn,  C.  D.,  27,  163. 

Sherborne,  Dorset,  296. 

Shelton  Green,  49. 

,  Lower,  49,  341. 

Shilling  Okeford,  162. 

Shillmgford,  127,  216. 

Shipmore  Point,  93. 

Shippou,  123. 

SnoPLAND,  J.  K.,  165. 

Shorts  Barn,  100. 

Shotover  Hill,  Corallian  of,  130,  132; 
Cretaceous  of,  278 ;  Kimeridge  Clay 
of,  ^1,  168  ;  Portland  Stone  of,  186, 
217,  319  ;  Purbeck  Beds  of,  218,  219. 

Iron  Sands,  278,  287. 

-        Limestone,  309. 

Sands,  218. 

Shouldham,  173. 

Shrimp  Stone.  190,  191, 

Shnvenham,  120. 


Siddington  St.  Peter,  85. 

Siliceous  Stmctures  in  Oolite  grains,  !I24. 

Silicified  Oolite,  186,  187. 

Plant-remains,  241,  262-266,  279, 

386,  291. 
Skertciily,  S.  B.  J.,  60,  63,  147,  171, 

286,341. 
Skegness,  174,  2^0,  291,  294,  339. 
Skull  Cap,  263,  &c. 
Slag,  .309,310,  319. 
Slatt,  Hard,  200,  266. 
Sleaford,  65,  340. 
Slickensidcs  16,  249. 
Small  Mouth,  18,  83,  90. 
Smedmore,  330.  , 

Smee,  a.,  330. 
Smith,  C.  H.,  310. 
Smith,  William,  6,  9,  22, 26,  28-30,  83, 

52,  70,  163,  230,  306, 328,  336. 
Snep's  Wood,  283,  321. 
Snipe  Dale,  289. 
Soharo,  146. 

Fen,  341. 

Soils,  304  ;  Analyses  of,  305. 

Solms-Laubach,  H.  Graf  zi:,  266. 

Somerford,  30,  304,  333,  340. 

Somersby,  340. 

Somerset  House,  311. 

Somersetshire,  Corallian  of,  105;    Ox- 

fordian  of,  21. 
Somersham  Spa,  340. 
SORBY,  Dk.  H.  C,  73,  75,  186,  234,  327. 
South  End,  228. 
Southend,  Bedford,  51. 
Southrey.  169,  172. 
Southwell,  Portland,  197,  202,  338. 
Southwick,  57,  322. 

Bridge,  24. 

SowERBY,  J.,  75, 181,  135,  204,  206. 

Spalacoiherium  tncuspidens,  237  (tig.). 

Spaldinif,  333,  334. 

Spexoeu,  J.,  28. 

Sparsholt  Farm,  117. 

Spas,  340. 

Si)ecific  Gravity  of  Building  Stones,  313. 

Speetou  Beds,  287. 

Spinney  Abbey  Farm,  144. 

Spinneys,  305. 

Spilsby,  Kimeridge  Clay  of,  174. 

Sandstone,  287,  290-294,  817,  319, 

322 ;    Boulders  of,  291 ;    Fossils  of, 

293;    Nodule-bed  of,    181;    Soil  of, 

808  ;  Water  supply  of,  339. 
Spirt  Hill,  114. 

Sponge-spicules,  186, 187,  204. 
Sponges,  75,  234  ;  List  of,  399. 
Spotigia  paradorica,  90. 
Spontaneous  Combustion,  162,  331. 
Springs,  332,  339. 
Stacpoole,  a.  I).,  43. 
Stninfield,  341. 

Stair  Cove  or  Hole,  193,  257, 258,  302. 
Stalactitic  Deposits,  198. 
Stalbridgc,  21. 
Stamford,  319. 
Standground,  57,  58. 
Stanford-in-the  Vale,  166. 
Stanier,  W.  H.,  36. 


496 


Stanilaxd,  M.,  322,  324,  325. 
Stanton,  :i4l. 

,  Lower,  33. 

St.  John,  132, 134. 

Star-coral,  185,  193,208. 

Stare  ('ove.     Sea  Stair  Cove. 

Staverton,  26. 

Steeping  Kiver,  174,289,  290,  300,339. 

Steeple  Ashton,  72,  111-113,  328. 

—  Claydon,  45,  46. 
Stevington,  51. 

Stewkley,  46,  135,  169,  228,  280,  303. 

Stickford,  174. 

Stickney,  173. 

Stilton  Chee^^e,  304. 

Stixwould,  148,  174. 

Stock  Gaylard,  332,  340. 

Stone,  near  Aylesbury,  225,  337,  848. 

Stone-beds,  Local  Xames  of,  1 90, 203, 315. 

-^—  tiles,  318. 

workers,  314. 

Stonebrash  Hill.*<,  29. 

Stonv  Stratford,  49. 

Storridge  Farm,  110. 

Stourhead,  22. 

Stourton,  106,  163. 

Stowe-niue-Cburches,  52. 

Stower,  Coralline  Oolite  of,  78. 

,  East  and  West,  103,  104. 

I*rovost,  103. 

Strahan,  Aubrey,  20,  84,  93,  126,  158, 
159,  161, 174-177,  188,190,  226,  241, 
242,  246,  256,  258,  269,  270,  273, 
287,  290-294,  296,  307,  320,  325, 
328,  380. 

Straxgways,  C.  Fox-,  2,  9,  10,  72,  73, 
133,  182,  229,  294,  319,  408. 

Stratigraphieal  Gxx)ups,  8,  180. 

Strattou  St.  Margaret's,  336. 

Streatham,  67,  299,  348. 

Stretham  Ferry,  144,  146,  334. 

Striated  Pavement,  249. 

Strickland,  U.  E.,  218. 

Struckmann,  Dit,  C.,  235. 

Studley,  24,  25,  134,  328. 

Stumiinster  Newton,  Corallian  of,  75, 
100-103,  107,  309,  824;  Pisolite  of, 
73;  Kimeridge  Oay  of,  162;  Ox- 
fordian  Beds  near,  21. 

Sturthili,  Lower,  20. 

Subterranean  Ero>ion,  273,  275,  301. 

Sub-wealdon  Boring,  67,  150,  177,  229, 
281-283.  2ys,  321,  345,  348. 

Sudboroagh,  57. 

"Sugar-candy,"  198. 

Sulphur  Springs,  341. 

Summertown,  43. 

Superficial  Deposit^,  304. 

Superior  Oolite,  70. 

Su-isex,  Corallian  Beds  of,  150;  Kime- 
ridge Clay  of,  177  ;  Oxfordian  Strata 
of,  67  ;  Portland  Beds  of,  229  ;  Puibeck 
Beds  of,  280,  308,  319,  320. 

Sutherlandshire,  Oolites  of,  151,  185. 

Sutton,  near  Ely,  169,  332. 

— — «  Bingbam,  21. 

Pointz,  335. 

—  Waldron,  309. 


Swanagc,    Purbeck   Beds  of,   245,  253, 

318,    321,    339  ;    Purbeck    Mammals 

from,  236,  237. 

Crocodile,  238. 

Stone,  245,  251,  312. 

Swanbourn,  48. 

Swannery,  19. 

Swife'8  Farm,  331. 

Swindon,  297;  Corallian   Beds  of ,   118, 

119,    129;    Kimeridge  Clay  of,    164, 

165,    323;   Oxford  Clav  of,  36,  328; 

Portland     Beds     of,    1*81,    210-216; 

Purbeck  Strati    of,    276,   318,    320; 

Well-sinking  at,  36-39,  341. 

,  Old,  211. 

Clay,  179,  181,  213,  223. 

Series,  214. 

Stone,  210,  213,  313. 

Swyre  Head,  159,  192,  307. 


T. 


Table  of  Middle  and  Upper  Oolites,  2. 
Tattershall,  148,  173. 
Tattingworth,  Little,  280. 
Taunton,  J.  H.,  36. 
Tawxey,  E.  B.,  144. 
Taylor,  K.  C,  1 73. 
Tealby,  291. 

Beds,  289,  292,  294. 

Isonstone,  290. 

Teall,   J.   J.  H.,   138,   173,   186,  218, 

238,  234,  258,  286,  324,  327. 
Teffont  Evias,  204,  234,  238,  270,  272, 

317. 
Templecombe,  332,  340. 
Tetswortb,  339. 
Tetworth,  138,  169. 

Clav,  134,  135. 

Thame,  kimeridge  Clay  of,   168,  806 ; 

Portland  Beds    of,   216,    220,    221  ; 

Parbeck  Beds  of,  279  ;  Water  sapply 

at,  889. 
Thames  Valley,  297,  303. 

and  Severn  Canal,  33. 

Thamnastreea  arachrtoides,  81  (fig.). 
Thecosniiiia  annularis,  81  (fig.)* 
Thicknesses  of  Middle  and  Upper  Oolites, 

2. 
Thompson,  B.,  49,  52,  231. 
Thomey,  52,  56,  61. 
Thracia  depressa,  155  (fig.)' 
Thrapston,  52,  56,  57. 
Thrust-plane,  257. 
Tlmrlby,  57,  322. 
Thi:rmann,  J.,  70. 
Tickford  End,  49. 
Tiddemax,  R.  H.,  285. 
Tidmoor  Point,  18,  19.  , 

Tile  House  Farm,  47,  48. 
Tile-clay,  322. 
Tilestone,  272,  318. 
Tilly  Whim,   188,   191,  249,  311,   312, 

818. 
Timberland,  66. 
TiMiUNS,  A.,  820. 
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Tinker's  End,  48. 

Tisburv,  Chert  from,  187';  Kimeridge 
Clay  of,  162 ;  Portliind  Bed«  of,  204- 
209 ;  Purbeck  Beds  of,  269,  270. 

Star-coral,  185,  193,  208. 

Stone,  186,  312,  313. 

Tithonic,  182. 

Toad's  Eye  Limestone,  252. 

Toad-stones,  318. 
Toekenham  Wick,  115. 

Todbere,  103,  104. 

Freestone,  73,  309. 

Toft  Lodge,  64. 

Tomes,  R.F.,  119.120. 

Tongue  End  Farm,  334, 

Top  Cap,  198,  263,  &c. 

Toot  Baldon,  217. 

Toot  Hill,  336. 

TorLEY,  \V.,  67-69,  150,  229,  281-285, 
308,  317,  321,  323,  331,  342,  845. 

Totnell,  21. 

Towns,  Sites  of,  332. 

TowxsEND,  Kev.  J.,  22,  23,  28-30,  70. 

Travertine,  235,  264. 

Tree-trunks,  265,  266.     See  also  Plants. 

Triconodon  mordax,  237  (fig.). 

Tridactyl  (Trifid)  markings,  233,  252. 

Trigoneiiites.     See  Aptijchus. 

Trigonia-heds,  75,  82,  85,  12^,  222. 

Ti-igoiiia  Grit,  Fossils  of,  95. 

Trigonia  claveUata,  79   (fig.),  85,  86, 
89. 

gibhostty  152,  182,  183  (dg.). 

incuroa,  182. 

Meriani,  79  (fig.). 

monilifera,  79  (fig.). 

Pellafi,  182. 

Tring,  337. 

Trowbridge,  7,  9,  23-26,  113,  304,  322. 

Tufa,  264. 

Turtle  Stones,  17,  319,320. 

Turtles,  Purbeck,  238. 

Tytherton  Lucas,  30,  304. 


u. 


Uffington,  Berks,  303. 

,  Xorthiuits,  57,  322. 

Unconformity  in  Corallian  Beds,  128  ; 
between  Corallian  Beds  and  Kimeridge 
Clay,  130;  between  Kimeridge  Clay 
and  Spilsby  Sandstone,  176,  181 ; 
between  Purbeck  and  Portland  Beds, 
264,  277. 

Underground  structure  of  concealed 
Jura»isic  rocks,  296. 

Unio  Beds,  243,  245,  253,  317. 

Unio  valdensta,  239  (fig.). 

Upper  Oolitic  Rocks.    Sec  Oolitic. 

Upwav,  Fault  near,  19;  Kimeridge  Clay 
at,  162  ;  Portland  Beds  of,  194,  195, 
307  ;  Chalky  limestone  of,  186  ;  Port- 
land Chtrt  of,  187  ;  Purbeck  Beds  of, 
243,  249,  259,  316,  320;  Wishing 
Well  at,  339. 

UssHEK,  W.  A.  E.,  65-67,  148,  149, 
176,  328. 


Ure,  Db.  a.,  829. 

Upware,  Corallian  of,  70,  141-145. 

Limestone,  133,  142-144,  147. 


V. 


Vanadium,  325. 

Vancoi'ver,  C,  142. 

Vermiform  Markings,  233. 

Vermilia  sulcata,  16. 

Verne  Fort,  196,  197,  201,  262. 

Vale  of  Aylesbury,  303,  304,  306. 

of  Bicester,  303. 

of  Blackmore,  21,   100,  302,  303, 

332. 

01  Bredy  or  Bride,  94. 

of  Kimeridge,  303. 

of  Pewsey,  209,  276. 

of  Shaftesbury,  162,  303,  306. 

of   Wardour,   180,    181,   203-209, 

233,  267,  296,  304,  307,  308. 

of  White  Horse,  303,  306. 

Vallev-drifts,  304. 

Valleys,  Erosion  of,  300. 

Virgulian,  152. 

VoELCKER,  Dr.  a.,  305,  341. 

VociT,  J.  H.  L.,  327. 

Volga  (Volgian)  Beds,  182,  287. 


w. 

Waagen,  W.,  84,  152. 
Waddesdon,  222. 
— ^  Field,  134. 
Wuddingham.  67. 
Walcott,  341. 
Waldheimi'a  impressa,  55. 
Walker,  J.  F.,  286. 
Wallingford,  127,216. 
Wallis,  a.  M.,  198,  265,  266. 
Walton,  55. 

Elm,  103. 

Wantage,  126. 

Waitlour  Castle,  205,  312. 

,  ^'ale  of,  296  ;  Portlandian  of,  180, 

181,203-209,  304,  307  j  Purbeck 
of,  233,  267,  303. 

StoEe,  312. 

Warmington,  57,  322. 
Warren,  Stewkley,  228,  280. 
Warrington,  R.,  341. 
Wash,  The,  297,  300. 
Watchet,  302. 
Watchfield,  120,  12?. 
Water  Supply,  332. 
Waters,  Ornamental,  339. 
Waterstock,  168. 
Watlington,  173. 
Watts,  J.  K.,  56,  303. 
Watts,  W.  W.,  232. 
Wavendon,  49. 

Wealden  Area,  Purbeck  Beds  of,  280,  | 
'-^—  Beds,  Relations  of  Purbeck  and| 
234,  235,  255,  256,  272-275,  278, 281. 
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Weathering  of  Stone,  291,  311. 

Webster,  J.  L.,  202. 

Werster,  T.,  151,   179,   189,  198,  230, 

234,  235,  248,  264,  266,  281,  314-316, 

331. 
Weed,  W.  H.,  266. 
Weedon,  228. 
Wellaiid,  297,  300. 
Well-sinkiugs  and  headings,  336.     See 

also  Borings. 
Wells,  Holy,  339. 
Wendover,  226. 
Werrington,  57,  62. 
West  End,  Stevingtou,  51. 

Hill,  192,307. 

Westbrook,  113. 

We.^tburv,  Corallian  Beds  of,  106-111, 

320  ;  iron-ore  of,  73,  323-326 ;  Slag, 

309,  310;  Oolite  of,  73;  Kimeridgc 

Clay  of,  163,  306. 
Westcot,  134. 
Westminster  Abbey,  312. 
Weston,  C.  H.,  19,  20,  194,  259,  260, 

265. 
Weston,  Portland,  197,  198. 
— ,  Sutton  Bingham,  21. 
Westwood,  Prop.  J.  O.,  238. 
Wethered,  E.,  72,  241. 
Wcycrof t  Quarries,  3 1 0,  3 1 1 . 
Weymouth,  Coralliau  of,  70,  82-99,  loy, 

306-323  ;  Drift  near,  304  ;  Kimeridge 

Clay  of,  162;  Oxfordian  Beds  of,  7, 

15,  822,  332  ;  Water  supply  of,  335. 
— -  Anticline,  296. 

Bay,  82. 

,  Cliffs  South  of,  84,  88-92. 

Harbour,  17. 

Strata,  82. 

Whaddon  Chase,  46,  303. 

Wluitlington,  280. 

Wbeatley.  73,  130,   132,   134,    168,219, 

278,  309. 
Whit  Bed,  186,  198-200,  310. 
Whitaker,  W.,  43,  49,  50,  60,  68,  146, 

147,  169,  178,  179,  202,  221,  222,243, 

298,  334,  335,  337,  341,  342. 
Whitbome,  Upper,  163. 
Whitchurch,  169,   186,   227,  228,   279, 

280,  339. 
AMiite  Hart  Forest,  303. 

Horse,  Vale  of,  303,  306. 

Lias,  159. 

Nore,  161,  2.')8,  302,  331. 

Whitenham  Lodge,  42. 
Whitings,  328. 
Whitley,  27,  28. 
Whittlesey,  52,  56,  59-61. 
Whittle  wood  Forest,  47. 
Wicken,  Bucks,  47. 

,  Cambs,,  142,  146,  181,  286. 

Wigsthorpe,  57,  58. 
Wilburton,  170. 
WiLLCOX,  C,  236. 
Willett,  E.  W.,  236. 
Willett,  H.,  251,  345,  346. 
Willingham,  56,  147. 
— ,  North,  175. 
,  South,  175,  320,  328. 


Willoughby,  near  Alford,  294,  339. 
Wilton  Abbey,  312 
Wilts  and  Berks  Canal,  30,  31,  336. 
Wiltshire,  Corallianof,  106 ;  Kimeridgian 

of,    163;    Oxforilian   of,    23;     Port- 

landianof,  203;  Purbeckian  of,  267; 

Wcalden  Beds  of,  272. 

Cheese,  304. 

Downs,  164,  181. 

Wimborne  Minster,  316. 

Wincanton,  21,  22,  105,  106,  303. 

Winch,  West,  173. 

Winchenden,  Nether  and  Over,  222. 

Windsor,  299. 

Windspit     See  Winspif. 

Wing,  228,  337. 

Winslow,  46,  48,  303,  335. 

Winspit,  186,  187,  190. 

Win  WOOD,  Rev.  H.  H.,  163. 

Winterton  Holme,  67. 

Wisbech,  60,  173. 

Wishing  Well,  339. 

Witney,  41,  44. 

Boring,  348. 

Witham  Fnary,  22,  23,  305. 
Witham  Hole,  22. 

• River,  300. 

WlTCHEJLL,  E.,  300. 

Wobum,  49,  135,  286. 

Wockley,  205-207,  268,  269,  312,  320. 

Wolds  of  Huntingdonshire,  56. 

Wolvercot,  43. 

Wood,  S.  V.,  Jun.,  345. 

Wood,  Drift,  166. 

Fossil,  241,  262-266,  279,  286,  291. 

Wood  Walton,  55. 

Woodbridge  Farm,  332. 

Woodhall  Spii,  174,  328. 

Woodlands,  303. 

Woods,  H.,  154. 

Woods,  Thorn,  305. 

Woodstock,  40, 43. 

Woodstone,  57,  58. 

Worbarrow  Bay,  302 ;  Portland  Beds  of, 

186,  193;  Purbeck  Beds  of,  243-245, 

251,  254. 

Knob  or  Tout,  198,  254,  255. 

Worlaby,  176,  177. 

Worm-burrows,  72. 

Worminghall,  134. 

Worms  Farm,  35. 

Worth,  307. 

Worton,  163,  164 

Wragby.  175. 

Wrawby,  148,  149,  176. 

Wren,  Sir  C,  311. 

Wright,  Db.  T.,  72. 

Wrought  on,  210. 

Wvchwood  Forest,  40. 

WVke  Regis,  18,  19,  92. 

W^-tham  Boring,  42,  44,  348. 

Wytham  Hill,  41,  42,  44, 129,  303. 

Woodward,   A.    Smith,  59,  235,  236, 

271. 
Woodward,  Dr.  H.,  318. 
Woodward,  Dr..T.,  208,  235,  328,  381. 
Woodward,  Dr.  S.  P.,  32,  36. 
Woodwards  Bridge,  3G. 


Woody  Hyde,  9&3,  SIT. 
Wookton,  little,  46,  49. 
Woolrione,  FwriogdoD,  166. 
WootlOD,  Beda,  4B,  S41. 
^— ,Bcriu,lS5. 
— ,  North,  178. 
-— )Soath,1T8. 

BMMtt,  ae.  81,3S,  116,   117,164, 

308,336,841. 
Sp*,'340. 


Yudln  CIuM,  Si. 

Hattlngs,  5S. 

Tsilej,  5B. 
Teml«s,  311. 

Yelden,  56. 

Yorkf  hire  OoUim,  3,  IBS,  229. 
— — ,  SpoetoD  Beds  of,  267. 

Touno,  J.  T.,  284. 


Zouet  of  AmmoDiles,  17,  37, 28B. 
^^  ia  Conllian,  73  ;  ia  Kimeridgun, 
163;  in  OifoTdian,   7;  inPiwt- 
I  lADdiaa,    182  ;  iu   PurbeckUD, 

286,  288. 
j   -^  ot  Ammoniles  <dlernam,  Ji,  lii. 

I biarmalui,  78. 

6tp/«,  158. 

eallovienns,  8, 10. 

HI,  8,  14,  73. 
1S2. 


„,      ,1B3, 28S. 

—  Juion,  e. 

—  Lamberti,  S,  9. 

—  maeronphalui.  8. 

■• —  mutabilii.  152. 

pe,a,miilus.  71.  73,  74, 


—  of  Cidarlijiorigemma,  79,  ' 

—  of  Cyprina  Branyniarti,  1 

—  of  JJiMTcui  nri'f/ina,  71. 

—  of  Ditcina  latutima,  I  S3. 

—  of  Eioyjirn  liryula,  )a2. 

—  of  Osl'ca  dello-dea,  15a. 

—  of  Phiocei-a  oteaiti,  74,  15 

—  of  TiiyoH-a  mbbosa,  1S2,  1 

—  of  RhyHchonclla  incoaalaii 

—  of  Waldhtmia  impresm,  5. 
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